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Foreword

his report summarizes the results and rec-

ommendations of the Highway-Related

Transportation Industry Productivity Mea-
sures Symposium sponsored by the Federal High-
way Administration (FHWA). The symposium,
held in Arlington, Virginia, on November 19 and
20, 1992, was designed to foster a more thorough
exchange of ideas about the limitations of current
transportation productivity measures and about
prospects for more complete and consistent mea-
sures. The approximately 80 attendees from sev-
eral government agencies, trade associations, the
transportation industry, and academia included
experts in data collection, methodological issues,
policy needs, and industry analysis. Although the
symposium was sponsored by FHWA, represen-
tatives of other Departmentof Transportationagen-
cies, the Bureau of Labor Statistics, and the new
Bureau of Transportation Statistics were involved
in all symposium activities.

Transportation industry productivity mea-
sures, which are often cited but are frequently
misunderstood, attracted attention most recently
during the development of the Intermodal Surface
Transportation Efficiency Act (ISTEA) of 1991,
when low productivity was cited as a cause for
concern. As a result, a variety of measures were
proposed, reflecting the diversity of views on the
productivity of the transportation industry. The
Bureau of Labor Statistics, the Government agency
responsible for calculating productivity statistics,
attempts to providean understanding of growth in
various modes of the transportation industry
through traditional single-factor and multifactor
productivity measures. These measures are often
criticized for their inability to reflect apparent in-
dustry performance. Data limitations and diffi-
culty in adjusting for changes in the quality of
labor input and output have hampered the calcu-
lations. In response, industry analysts represent-
ing various transportation modes have generated
avastarray of physical performance and efficiency
measures to focus on product and service charac-
teristics.

This symposium provided an opportunity for
participants to discuss emerging technical issues
and users’ needs related to transportation produc-
tivity measures. Participantsinvestigated theavail-
able measures and offered specific ideas for im-
proving these measures through collection of ad-
ditional data or improved methodology. Panelists
presented several papers discussing potential mea-
sures of the transportation industry’s economic
performance in contrast to traditional industry
productivity measures. These presentations are
summarized in this report. Also included is a
synthesis of ideas, conclusions, recommendations,
and priorities from the breakout discussions.

Of course, efforts to address the concerns will
be ongoing, and quick solutions are unlikely. Fu-
ture efforts to improve measures of productivity in
the trucking industry are expected to be under-
taken jointly by FHWA, the Bureau of Transporta-
tion Statistics, the Bureau of Labor Statistics, the
Interstate Commerce Commission, and the truck-
ing industry. We at FHWA look forward to contin-
ued dialogue and cooperation with many other
government agencies, transportation trade asso-
ciations, transportation firms, and academicians
involved in this issue.

This report is the eighth issue of Searching for
Solutions: A Policy Discussion Series. The series
dealswithemerging highway transportation policy
issues such as congestion pricing, privatization,
transportation and air quality, and transportation
and economic productivity. Issue papers emanate
from policy seminars sponsored by FHWA, often
with the support of other Department of Transpor-
tation agencies, or from FHWA policy research. It
is hoped that this series will inspire and stimulate
a broad-reaching exchange of ideas and expertise
on important challenges facing transportation
policy development.

Madeleine S. Bloom
Acting Associate Administrator for Policy
Federal Highway Administration
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An Examination of Transportation Industry Productivity Measures

Executive Summary

pproximately 80 participants from several
Agovernment agencies, trade associations,

consultancy, academia, and the private
sector transportation industry attended this 2-day
symposium on highway-related transportation
productivity measures. Symposium participants
took partin five plenary sessions and twobreakout
sessions, in which participants were divided into
three groups and charged with specific tasks de-
signed to help generate meaningful, credible trans-
portation productivity measures.

Papers presented during the plenary sessions
covered the following topics:

B Current issues in correctly measuring trans-
portation productivity.

B Ambient productivity trends and the mea-
surements of transportation productivity.

B Modal freight productivity issues from the
air, highway, rail freight carrier, and freight
shipping perspectives.

B Quality and efficiency issues in measuring
and improving productivity in the transpor-
tation sector.

B Freight transportation productivity measures.

Breakout sessions focused on important is-
sues that must be addressed to generate meaning-
ful transportation productivity measures, identifi-
cation of research goals, and data needs in measur-
ing productivity. Applications of transportation
productivity measures and merits of specific esti-
mates were discussed. Data collection needs by
mode and potential barriers to meaningful mea-
surement were identified by the group.

Current Issues in Correctly
Measuring Transportation
Productivity

Meaningful productivity statistics are impor-
tant tools in the analysis of transportation industry

activity. Nevertheless, the usefulness of these
tools is limited by over-reliance on broad,
single-factor measures. Anoverarching concernis
whether analysts are paying too much attention to
growth measures at the expense of industry effi-
ciency or performance measures. Deregulation
caused increased competition, which in turn
spurred airline, railroad, and trucking industry
managers to control costs and develop innovative
services. These significant changes in the industry
are not captured by traditional productivity mea-
sures.

The transportation industry moves 6.1 billion
tons of freight and 1.1 billion passengers each year.
Greater productive efficiency conserves resources
and limits inflation by offsetting rising wage rates.
Many of the productivity measures currently being
used measure performance rather than productiv-
ity. Economists should not place too much empha-
sis on single-factor productivity and output mea-
sures, nor should they mistake productivity growth
for improved productive efficiency.

The linkages between transportation infra-
structure investment and overall economic per-
formance have been studied extensively. Trans-
portation’s role in productive output is similar to
that of factors such as prices, wages, and amentities;
itis a direct, productivity-enhancing input. How-
ever, researchers studying the transportation in-
dustry lack a consistent data set and suffer from
complex problems of classification.

Problems in measuring transportation pro-
ductivity are magnified when analysts seek to’
define the linkage between transportation and
overall economic performance. Analysts must
distinguish between (1) productivity growth of the
general economy as a consequence of changes in
the transportation system and (2) productivity
growth in the transportation industry overall and
in its various segments.

ix
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Ambient Productivity Trends and
Measurement of Transportation
Productivity

Measuring the productivity of transportation
is a complex undertaking, in part because the
industry continues to undergo restructuring as a
result of deregulation. Additionally, service
industries have traditionally been difficult to
measure. The standard transportation industry
measurements of ton-miles (for freight) and
passenger-miles (for humans) fail to account for
innate differences in the services provided by dif-
ferent sectors of the industry.

More sophisticated measures of productivity
include service efficiency (the amount of service
output provided per unit of input) and service
effectiveness. Another way to measure produc-
tivity is to construct a stratified transportation
demand set by dividing and classifying travel
demand according to the requirements for types of
service and travel time. Analysts should also
factor in economic and social trends that affect
productivity. Changing market factors and new
productive realities also affect overall productiv-
ity. Time or value measures such as dollar-miles
can help analysts evaluate changes in the modal
composition of transportation services.

In the ongoing discussion of measuring indus-
try efficiency, it is important not to abstract effi-
ciency and productivity from human purposes.
Transportation efficiency may differ completely
from efficiency for the service consumer.

The Difficulty of Measuring
Productivity in the Motor Carrier
Industry: A Case Study

Roadway Services, a holding company for
several transportation firms, measures dock pro-
ductivity, pickup and delivery productivity, freight
bills handled per hour, and average load factors,
among other measures. According to these mea-
sures, Roadway’s average annual productivity
growth is just under 2 percent. However, analysis
by traditional productivity measures shows that
growth in ton-miles per line haul power unit is

about 0.2 percent. Clearly, traditional productiv-
ity measures do not accurately reflect dramatic
changes in the industry, particularly the value-
added benefits that the industry offers in response
to customer demand and the increased emphasis
on safety.

Modal Freight Productivity Issues

Although productivity measurement has dif-
ferent implications for different transportation
modes, many modes suffer from similar method-
ological and data limitations.

In the air freight industry, product movement
is intermodal movement, with freight being deliv-
ered to and from airports by truck. Productivity
measures must take into account components as
diverse as fuel, labor, administrative functions,
marketing, and sales. Airlines use a number of
productivity measures: revenue, with yield fig-
ures such as dollars per ton, yield per seat-mile,
and revenue ton-miles; tons enplaned and
deplaned; aircraft utilization;number of shipments;
number of one-time shipments; and type of service
provided.

Transportation analysts havelearned that pro-
ductivity indexes can be highly misleading unless
they accurately relate the consumption of inputs to
the production of outputs, measure and control for
the mix of inputs, and measure and control for the
mix of outputs. Experience demonstrates that
productivity data must cover all of the industry
that the analysis is supposed to represent; compre-
hensive data are sorely lacking for some segments
of the transportation industry. Further, physical
productivity advantages do not guarantee that
services will be used, as demonstrated by the rail
experience. If improved resource use and reduced
freight costs are important to economic revitali-
zation, then public policy must support these
priorities.

Within the trucking industry, productivity has
traditionally been measured by breaking business
operations into segments such as pickup and de-
livery, maintenance, and line haul. These partial
measurements fail to define the collection of inputs
that make up an entire process and therefore give
no clear indication of productivity; nor do they
give any indication of the quality of service.
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New Ideas for Measuring
Productivity in the Transportation
Sector

Transportation productivity measures have
real-world applications in assessing service qual-
ity. Data derived from customer complaints indi-
cate that there is a relationship between the
customer’s perception of the quality of service and
actual measures indicating service quality. Fur-
thermore, there seems to be a significant relation-
ship between the density of the service provider
network (such as a cost-efficient hub-and-spoke
airline network) and quality. However, the same
relationship does not appear to exist between ca-
pacity utilization and quality. Nor is input effi-
ciency in the form of lower cost of input equivalent
to productivity. Participants discussed the need to
use more sophisticated methodologies in analyz-
ing industry conditions.

Increasingly efficient highway freight trans-
portation operations may be related to the greater
productivity of inventory investment (measured
in the ratio of inventory to monthly sales of manu-
facturing and trade). Faster, more reliable trans-
port service enables manufacturers to hold less
inventory in fewer locations; thus, inventory in-
vestment productivity may help indicate highway
transportation productivity. More investigation
into this possible relationship is necessary.

Freight Transportation
Productivity Measures

Multifactor productivity measures (output per
unit of combined labor, capital, and intermediate
outputs) such as those used to evaluate the motor
carrier industry are highly sensitive to the specific
inputs and outputs selected and to the weights
given to each of these measures. Indeed, they may
notaccurately reflectdynamicchangesin the truck-
ing industry. Traditional industry measures of
physical productivity and performance, such as
route-miles, number of terminals, and percentage
of empty vehicle-miles, could help document the
significant changes (including new emphasis on
safety and quality) in the motor carrier industry
that have occurred since passage of the Motor
Carrier Act of 1980.

Transportation productivity measures form
just one part of a broad program of measurement
encompassing labor and multifactor measures used
by the Bureau of Labor Statistics (BLS). Lack of
detail on outputs and serious problems in collect-
ing data from trucking and bus carriers limit BLS’s
ability to compile meaningful labor productivity
measures (output per hour). Multifactor analyses
also suffer from gaps in data collection. Mean-
while, industry measures of performance and effi-
ciency calculated by transportation analysts offera
different approach to answering key questions
about the benefits of transportation, especially
trucking.

Issues Raised in Breakout
Sessions

The three breakout groups metintwo sessions.
During the first breakout session, all groups were
asked to select and rank the most important issues
that must be addressed to generate meaningful,
credible transportation productivity measures,and
then each group was assigned a specific task.

Group A focused on various applications of
transportation productivity measures in terms of
users’ purposes. The group recommended anum-
ber of alternative productivity indicators ranging
from empty versus loaded miles to labor cost per
ton-mile. These indicators were then evaluated
according to their utility to business planners, the
infrastructure investment decisions, private sector
decision-makers, and public policy analysts. It
wasagreed that the dataneeds of these four groups
differ; the alternative measures developed by the
group were considered to be of most utility to
truckers and of least utility to public policy analysts.

Group B concentrated on the various levels
(corporate, industry segments, National economic,
international, multi-State regional, State, metro-
politan, and facility-level) at which transportation
productivity measures are applied. Data gaps
were identified at each of these levels for anumber
of transportation modes: air, rail, pipeline, water-
way, bus, intercity rail, local transit, truck, and
intermodal.

Group C assessed barriers to meaningful
measurement. As in the other two groups,
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participants stressed that the data and assessment
needs of private industry and public policy ana-
lysts are quite different. The usefulness of produc-
tivity measures was debated; it was suggested that
indicators such as private sector performance and
transportation system performance might provide
more meaningful measures. Issues such as qual-
ity, safety, reliability, environmental cost, and eco-
nomic cost should be reflected in any meaningful
measurement.

When the groups met for a second time, all
three concentrated on the research goals and data
needsrequired to generate meaningful transporta-
tion productivity measures. The following issues
were identified: the quest for more representative
and complete data, theimportance of taking advan-
tage of modern data collection technology, the
relationship between transportation data and the
national economy, the urgency of identifying key
questions for each group of data users, the rel-
evance of efficiency measures to productivity mea-
sures, thedemand for disaggregate data, the uncer-
tainty regarding what data are available, the need
todecidewhich data to collect, the issue of minimiz-
ing data reporting burdens on private industry,
the usefulness of sampling and estimation tech-
niques in data collection, the need to coordinate
Federal data collection efforts among agencies,
and the need to collect data on transportation
sectors for which no data are currently collected
(e.g., pedestrian and bicycle traffic).

Conclusions

The most significant catalyst for change in the
transportation industry during the 1980’s was
deregulation. The challenge currently confronting
analysts is to capture and quantify the effects of
deregulation and other dynamic forces (such as

increased safety and improved efficiency), thus
providing amore complete statistical picture of the
transportation industry. Of course, the value of
such a statistical picture varies according to the
user. Traditional productivity measures, with all
their limitations, serve the needs of Federal plan-
ners; private industry has developed its own mea-
sures geared to its own needs.

There is a clear consensus that currently used
productivity measures are too broad. The trans-
portation industry is composed of a number of
sectors; productivity measures suited to one sector
may have no real application in another sector. On
a broader scale, performance indicators are often
confused with productivity indicators. Produc-
tive growth is not the same as productive effi-
ciency. More sophisticated methodologies, such
as thoseinvolving multifactor analysis, suffer from
gaps in the data set and are extremely sensitive to
theinputsselected. Problems with the datasetalso
make it extremely difficult to quantify changes in
quality and service characteristics of transporta-
tion output.

Symposium participants seemed divided about
whether to revise current productivity measures
or to seek a completely different means of evaluat-
ing the transportation industry. Suggested re-
visions ranged from improving the technology of
data collection to redefining terms to reexamining
the factors used in multifactor analysis. Suggested
alternatives to current productivity measures in-
cluded adoption of private sector performance
measures and development of measures that stress
productive efficiency. Symposium participants
stressed the need to make productivity measures
more responsive to the “real life” needs of policy-
makers and members of the transport industry.

xii



Introduction

has experienced a slowdown in economic

growth. During this time, the average an-
nual increase in the gross national product (GNP)
fell from 3.3 percent before the 1970’s to 2.2 percent
in recent years. Although a few economists at-
tribute this sluggish growth to the maturing of the
U.S. economy and view it as inevitable, others
believe that this trend is a temporary setback that
can be reversed.

I Yor the past two decades, the United States

Economic slowdown is closely tied to an ac-
companying decline in the growth of productivity,
or output per unit of input. Several explanations
have been offered for the recent sluggish produc-
tivity growth-shift to a service-oriented economy,
declining investments in private research and
development, changes in the composition of the
labor force, etc. Some experts have suggested that
a significant cause of reduced growth in produc-
tivity is a declining investment in and a deteriora-
tion of the country’s infrastructure. Meanwhile,
productivity growth estimates in the transporta-
tion sector have been cited as one area of concern.

Some sources have postulated that low trans-
portation or highway productivity growth indi-
cates the weak effect that highway infrastructure
investment has on transportation productivity.
However, many analysts assert that available data
do not accurately reflect highway or transporta-
tion productivity because of methodological and
statistical problems in developing the estimates.
Traditionally, estimation methods have lacked
sufficient data to identify and measure “service”
output because of its often intangible nature. Fur-
thermore, difficulty arises in measuring the factors
that contribute to productivity, such as increased
worker skills or education, technological advance-
ments, and increases in capital investments. Pro-
cedures for estimating productivity often do not
fully take into account quality improvements in
service products. These difficulties make it essen-
tially impossible to compare the efficiency of

workers in service occupations with that of indus-
trial workers.

- Meaningful productivity statistics are impor-
tant tools in the analysis of both public and private
transportation investment decisions. Therefore,
experts are concerned about the quality of trans-
portation productivity estimates. The Intermodal
Surface Transportation Efficiency Act (ISTEA) of
1991 created the Bureau of Transportation Statis-
tics (BTS) within the U.S. Department of Transpor-
tation (DOT) and specifically directs BTS and DOT
to compile better data. Several organizations—the
Department of Labor’s Bureau of Labor Statistics
(BLS), the Council of Economic Advisors, the High-
way Users Federation, the Senate Committee on
Environment and Public Works, and the Federal
Highway Administration (FHWA)—haverecently
expressed concern over the state of transportation
productivity statistics.

This document summarizes the proceedings
of the Highway-Related Transportation Industry
Productivity Measures Symposium conducted by
FHWA on November 19and 20,1992, in Arlington,
Virginia. The symposiumbrought together approx-
imately 80 participants (see Appendix A) toaddress
the problems with the derivation of the currently
availablestatistics, including the underlying meth-
odology, and to identify additional research neces-
sary to provide more representative measures of
the transportation sector’s economic performance.
During the 2-day symposium, the participants at-
tended plenary sessions and breakout discussions
designed to meet the symposium goals. Theagenda
is found in Appendix B. Copies of select papers
presented at the plenary sessions are available in
draft form upon request to the following address:

Federal Highway Administration

Transportation Studies Division

Attn: Industry and Economic Analysis
Branch, HPP-11

Washington, DC 20590

(202) 366-0281







Opening Remarks

Madeleine Bloom, Acting Associate Ad-

ministrator for Policy in FHWA'’s Office
of Policy Development, was the attention given to
transportation productivity measures during de-
liberations on ISTEA. These deliberations raised
several issues concerning transportation’s relation
toemployment, economic growth, and overall eco-
nomic productivity. Moreover, changes in the
transportation industry over the last decade, par-
ticularly deregulation of several sectors, warrant
examination of the methods used to measure trans-
portation industry productivity.

I I ! he genesis of this symposium, explained

The implications of transportation productiv-
ity measurement are important considerations for
decision-makers when planning and investing in
infrastructure. Theseissuesare significant to trans-
portation officials inboth the publicand the private
sector. Therefore, FHWA assembled the partici-
pants—representing a variety of transportation
modes with which DOT is concerned, Federal Gov-
ernmentagencies suchas BLS, transportation trade
associations,academia, and the private-sector trans-
portation industry—to explore the requirements
for developing better transportation productivity

measures. The specific goals of the symposium
were—

B To educate participants about the impor-
tance of moreaccurate productivity measure-
ment.

B Toincrease awareness of potential statistical
improvement.

B Toidentify thebestdataavailableforimproved
measures of transportation productivity.

B To recommend needed research for future
activities.
B To promote comprehension of the relation-

ship between transportation infrastructure
and economic performance.

In closing, Bloom introduced the symposium
moderator, Alan Pisarski, a Washington, D.C,,
transportation consultant. She assured the par-
ticipants that their contributions to the symposium
ultimately would help transform future transpor-
tation infrastructure programs. She welcomed
continued dialogue among the organizations rep-
resented in an effort to address the productivity
measurement issues in greater detail.







Session 1: Current Issues in Correctly
Measuring Transportation Productivity

sentation, session moderator Robert Knisely,

Deputy Director of BTS, newly created by
DOT under mandate by ISTEA, noted the timeli-
ness of the symposium. He explained that propos-
als to create BTS were submitted as early as 1975,
but the bill including the provision never passed.
However, Congress’ recent interest in transporta-
tion productivity helped spur creation of BTS. The
symposium coincides with concerns about trans-
portation productivity from various sources.
Knisely commended FHWA for selecting an im-
pressive panel whose combined experience repre-
sents decades in the transportation arena.

I nintroducing the members of this panel pre-

Changing Economics of the 1980’s

According to Eric Beshers, Transportation
Economist with Apogee Research, Inc., the most
significant catalyst for change in the transporta-
tion industry during the 1980’s was the deregula-
tion legislation. Before deregulation, the three
major transportation modes—air, rail, and motor
carrier—were operated much like public utilities,
with regulated prices and protected markets. In
this type of environment, managers of firms in
these modes were not very concerned about con-
trolling costs or developing innovative services to
win new customers. However, deregulation dras-
tically changed the way that firms in these modes
do business. Beshers went on to discuss the fol-
lowing legislative actions that may have led to
productivity increases in various segments of the
transportation sector:

B Airline deregulation.
M Trucking deregulation.
B Railroad deregulation.

B TheSurface Transportation Actof 1982, which
increased truck size and weight limits.

B ISTEA.

The result of deregulation for the airline in-
dustry was an enormous increase in competition
despite numerous mergers that occurred in the
1980’s. However, the increased competition did
not come from new carriers, as was expected, but

from existing carriers expanding their markets by
“invading one another’s turf.” The most signifi-
cant change in airline operations, according to
Beshers, was the emergence of the hub-and-spoke
configuration.

Deregulation of the motor carrier industry
triggered a tremendous explosion in the number of
trucking firms, particularly those with for-hire
authority, and in the number of brokers. Associ-
ated with this tremendous growth was the emer-
gence of the very efficient long-haul truckload
trucker. Working together, the brokers, or freight
forwarders, and the truckload truckers have
squeezed many of the less-than-truckload (LTL)
firms out of business because they offer better
service at lower rates.

Deregulation had similar effects on the rail-
road industry. One important change was the
introduction of contracts whereby the railroads
can offer tailored services and rates to some cus-
tomers. Partially in response to deregulation, rail-
roads have improved their labor agreements. Car-
riers’ use of two crew members per over-the-road
train now as opposed to five or six before deregu-
lation has led to a drastic reduction in costs.

Since deregulation occurred, two more major
transportation acts have been passed that have
affected transportation productivity. The Surface
Transportation Act of 1982 introduced a large in-
crease in financing for highway programs but im-
posed an additional 5 cents in fuel taxes. It also
allowed the use of larger trucks with increased
weightlimits. Againin1991,ISTEA offered ahuge
increase in funding for transportation projects.
According to Mr. Beshers, other significant changes
brought about by ISTEA are the shift of power
from State DOT’s to metropolitan planning orga-
nizations (MPO’s) and a new flexibility in the
highway program that allows greater use of high-
way funds for mass transit, if State and regional
officials desire.

Although some people predict that this new
flexibility will bring major changes in the use of
highway funds, i.e., that more funds will be ear-
marked for mass transit, Beshers expressed uncer-
tainty whether this type of change will occur. The
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private automobile has remained the predominant
mode of transportation. Its market shareincreased
during the 1980’s as vehicle miles traveled (VMT)
per traveler increased and passenger occupancy
rates declined, despite large investments in mass
transit during the same period. Beshers predicted
that, if any changes occur in this trend, they will
come as a result of the Clean Air Act Amendments
of 1990, which mandate reductions in emissions.
Whether these efforts will succeed is anyone’s
guess, according to Beshers, and the process will
be extremely interesting to observe. As the
transportation community investigates the issue
of transportation productivity measures, it is im-
portantto keep inmind these “productivity shocks”
(i-e., changes in the regulatory environment).

The Transportation Industry
Moves America: Freight and
Passengers

“Is the transportation industry doing a good
job in providing mobility for people?” asked Bahar
B. Norris, Ph.D., Senior Economist at the U.S.
DOT Volpe Center, as she began her presentation
on current freight and passenger service produc-
tivity trends in the United States. The transporta-
tion industry moves 6.1 billion tons (5.5 billion
megagrams) of freight and 1.1 billion passengers
each year. Although differences exist between
freight and passenger transportation, the key is-
sue, according to Norris, is how efficiently the job

AsshowninTable1, the overall transportation
share of the GNP hasbeen declining in recent years
because of a decline in the share of the freight bill.
Norris questioned whether this decline indicates a
rise in productivity. She suggested that there
might be a conflict between the goals of productiv-
ity growth and productive efficiency. Further-
more, she questioned whether the changesbrought
about by deregulation might paradoxically result
in growth of productivity but decline of produc-
tive efficiency.

Productivity, according to Norris, is the ratio
of the percentage of growth in output relative to
inputs of capital and labor. Output is what the
industry produces and is usually measured in
ton-miles, passenger trips, or passenger miles. An
increase in the ratio of output to labor and/or
capital indicates a shift in the production function
and benefits the economy by helping it achieve
greater productive efficiency through conserva-
tion of scarce resources, mitigation of inflation by
offsetting rising wage rates and other input prices,
and lowering prices of domestic products, thereby
enhancing trade competitiveness.

Norris defined two types of productivity mea-
surements:

B Single-factor productivity measures (those
currently used most often), which consider
changesin only a particular input such as labor

is done. units.
Table 1.—Selected BLS Productivity Statistics
1947-89 1988-89
Transportation o o o
Mode Annual % Annual /o % Change % Change in
Change Output Change in Output Per Outout
Per Employee Output Employee P
Rail Freight 45 0.6 6.4 2.2
Intercity Trucking 27 36 4.0 2.0
Passenger Bus 05 -1.2 0.1 0.1
Transit 5.7 NA NA NA
Air Transportation 5.9 10.1 -3.5 33
QOil Pipelines 1.3 1.2 -6.8 6.2
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B Total-factor productivity measures, which
consider all factors of production, including
changes in capital inputs.

In addressing passenger transit productivity
trends, Norris noted that single factor productiv-
ity measures in the passenger transitindustry indi-
cate that both labor productivity and output have
been declining. Numerous analyses have shown
that passengers are taking fewer trips and are
traveling fewer miles. Transit agencies have ac-
knowledged a concern over high labor costs and
have attempted to remedy the problem by hiring
more part-time workers, matching offered ser-
viceswith passenger demand, and employing com-
petitive contracting. However, in the case of buses,
despite the decline in output, prices and revenues
have been rising since the early 1980’s. Norris
emphasized that transit prices and operating rev-
enues should not be used interchangeably with
productivity measures. Indeed, many of the
so-called productivity measures, such asrevenue
per mile and cost per employee, are “perfor-
mance” and not “productivity” measures. Norris
suggested that, instead of passenger miles, a more
appropriate measure of the industry’s productiv-
ity might be in the availability of transit services,
because this measure is directly connected to the
purpose of transit, i.e., to meet the passenger’s
need for mobility.

In the next phase of her presentation, Norris
offered a discussion of trucking and rail produc-
tivity measurement issues in light of her discus-
sion of the transit concerns. She focused on five
issues:

W Price changes, which are not the same as
physical productivity.

B Lack of productivity statistics for major seg-
ments of the transportation industry.

B Inadequacy of single factor productivity and
output measures.

B Impact of shifts in mode share.

B Industry productivity versus productive effi-
ciency.

First, Norrisnoted that changesin price arenot
the same as changes in productivity. Price reduc-
tions that occurred in the 1980’s in this segment of
the industry were the result not of productivity
factors but of increased competition, declines in
diesel fuel prices, and the “squeezing out of excess
profits.” Price declines caused by these factors

marked changes in economic efficiency of the mar-
ket, nota growth in productivity. Only those price
declines that can be attributed to an increase in the
physical efficiency of production can be consid-
ered in measuring productivity gains.

The second area of concern is that major seg-
ments of the trucking and rail industries are not
covered by productivity statistics. Only about
11 percent of the trucking industry is included,
and although about 80 percent of Class I railroads
are included, the remaining 20 percent, which are
regional, short-haul carriers, are not included.

Third, Norris warned that economists should
not place too much reliance on single-factor produc-
tivity and output measures. Excluding capital inputs
makes productivity measures artificially high and
leads to an overestimation of productivity gains.
Norris suggested that freight ton-miles may not be
the best measures of output and that other measures
such as maintenance of terminals, equipment, and
right-of-way should be considered.

Fourth, Norris informed the participants that,
between 1940 and 1989, the rail freight industry
dropped in market share for intercity freight
ton-miles from 61 percent to 37 percent. During
the same period, trucking gained in market share
from 10 percent to 25 percent. Meanwhile, rail
revenues increased by only 7 percent, and truck-
ing revenues increased by 64 percent. According
to Norris, although the economy has gained in
physical productivity from this mode shift, it may
have lost in efficiency of resource usage.

Finally, Norris noted that when analyzing in-
dustry productivity, the impacts on productive
efficiency must also be weighed. For example, the
railroads generated about 1 trillion ton-miles of
freight transportationin 1989, as opposed to 700 bil-
lion ton-miles generated by the trucking industry.
Revenue per ton-mile in rail was only 2.67 cents,
and trucking received 23.21 cents in revenues per
mile. However, the trucking industry used 407 bil-
lion barrels (64.7 trillion liters) of fuel for this
period, while the railroads used only 79 million
barrels (12.6billionliters). Freight traffic continues
to be diverted from rail to trucking despite rail’s
cost advantages, fuel efficiency, and environmen-
tal benefits. According to Norris, the shift in mar-
ket share and in resources from rail to trucking can
be detrimental to the country’s economy and to
productive efficiency, even though nominal pro-
ductivity figures indicate high growth. Although
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Norris did not say one measure was better than the
other, she emphasized the importance of looking
at both measures.

Transportation’s Role in
Economic Performance

Recent predictions that investment in public
infrastructure could be a boost to economic devel-
opment have heightened interest in the link be-
tween infrastructure and the economy. According
to Randall Eberts, Ph.D., Assistant Vice Presi-
dent and Economist of the Cleveland Federal
Reserve Bank, it is important to understand the
difference between transportation infrastructure’s
effect on overall productivity and increases in
transportation productivity inand of itself. Eberts
addressed the issue of transportation infrastruc-
ture’simpact on overall economy-wide productiv-
ity to add perspective on how transportation in-
dustry productivity should be measured. Recently,
the linkages between transportation investment
and economic performance have been studied ex-
tensively and in a number of ways, primarily in
attempts to explain the slowdown in productivity
that has occurred in the last 10 years. Factors that
may slow economy-wide productivity growth in-
clude:

B The changing composition of the labor force.
B The slow growth of private capital stock.
M Increases in energy prices.

B A decline in investment in research and de-
velopment.

B A diversion of capital resources to pollution
abatement.

B The shift to a service-oriented economy.
B The mismeasurement of output.

B Declinesin public infrastructure investment,
such as in transportation.

Because many explanations have been sug-
gested for the recent slowdown in the economy,
there is much controversy about the role of the
declining investment in public infrastructure on
the slowdown of productivity.

To examine the role of these various factors,
economic analysts have implemented a frame-
work, based on a macroproduction function, with
three variables: labor, private capital stock, and
public capital stock. Eberts believes that putting
transportation infrastructure into such a frame-

work is appropriate. Transportation is essential
for production because people and materials must
bebrought together in order for production to take
place. However, this type of framework does not
fully account for the subtleties of the factors out-
lined above or the spatial arrangement of eco-
nomic activities, which make transportation so
necessary for production.

Eberts maintained that several levels of eco-
nomic performance must be considered in linking
overall economic productivity with public capital
infrastructure. First is the transportation facility
itself—the highway or mass transit facility (the
actual combination of equipment and structures)
whose efficiency is important to economic perfor-
mance. Next is the transportation industry as a
whole—how the elements, such as airlines and
airports, work together to provide productive ser-
vices. The next levels are aggregation levels that
range from the local economy to the international
economic picture.

At the regional level, it is easy to see transpor-
tation as an input that goes directly into the pro-
duction function process. However, public
transportation infrastructure alsoindirectly affects
or augments the other factors of production; i.e.,
when workers can travel to their jobs in an efficient
manner, the private capital investment performs
more efficiently. Publicinfrastructure also attracts
otherinputsinto production. Businessesand work-
ers are attracted to areas that have good highways
and accessible air travel. In addition to these
effects, there is also the traditional linkage of pub-
lic infrastructure to job creation, indicated in the
question, “How many jobs will building a high-
way create in my city?”

Thus, production output percolates from very
subtle effects from the bottom level, such as prices,
wages, and amenities. Transportation infrastruc-
ture links to these aspects as direct, productivity-
enhancing input that creates new markets and
improves human capital for certain areas by im-
proving the networks for spatial arrangement of
the factors that lead to productive output. These
effects of transportation infrastructure can be mea-
sured through output, services, personal income,
sales, and various productivity measures.

To develop a framework for determining the
role of transportation in economic performance,
Eberts suggested considering the following fac-
tors: the level and quality of the service of trans-
portation facilities, the differing effect of infra-
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structure ondifferent types of industries, the chang-
ing locations of production (from the inner city to
the suburbs, for instance), alternatives to invest-
ment in infrastructure (such as congestion pric-
ing), the relative productivity of different types of
infrastructure, and networks that bring markets
and people together.

Issues in Meaningful
Measurement

Paula C. Young, a Senior Economist at the
Bureau of Economic Analysis (BEA), used infor-
mation prepared by BEA to identify what she
maintains are key problems that need to be re-
solved to provide an adequate statistical base for a
good analysis of transportation productivity and
other related issues. She used data drawn from
BEA’s input-output (I-O) accounts, which inte-
grate data from a variety of sources to show the
production of commodities (goods and services)
by industry, the use of commodities by each indus-
try, the commodity composition of gross domestic
product (GDP), and the contribution of each in-
dustry to GDP. These accounts are unique, accord-
ing to Young, because they completely account for
commodity production and use for the entire
economy. They present a comprehensive picture
of the economy because the detailed information
they provide on products and industries disaggre-
gates the GDP and provides a detailed mapping of
the interrelationships of industries as producers
and consumers.

Theseinterrelationships, Young explained, are
evident in the two tables that are basic to the I-O
accounts—the I-O Make Table and the I-O Use

Table, shown in Appendix C. The I-O Make Table
(Table C1) shows the production of each commod-
ity in the economy, by industry, and the I-O Use
Table (Table C2) shows the commodities consumed
or used by each industry and by final consumers.

The statistics for individual industries in the
I-O accounts are collected, tabulated, and pub-
lished according to the Standard Industrial Classi-
fication (SIC) System. Transportation industries
are organized within the SIC codes and the I-O
framework primarily by mode of transportation,
except for one major group, which includes anum-
ber of incidental transportation services. The data
are reported typically by establishments or physi-
cal locations, which are categorized by SIC code
number according to their primary activity, tabu-
lated by detailed industry, and aggregated into
higher level groups. The detailed list of SIC’s and
the corresponding I-O classifications indicate that
transportation industries provide a variety of com-
modities, such as the movement of persons, the
movement of freight, and support services to facil-
itate the movement of persons and freight.

Table 2 shows the commodity output for
each of the transportation industries in the I-O
accounts and distinguishes between persons-related
and goods-related transportation activities. For the
goods-related activities, it also indicates revenues
associated with goods transactions, or margin, and
those not associated with transactions (i.e., direct
sales) such as moving office locations or other activi-
ties that do not involve the sale of goods.

I-O accounts identify some interesting fea-
tures of the transportationindustry, Young noted.
For example, Table C1 shows that government
produces $4.5 billion worth of transportation.

Table 2.—Composition of Commodity Output for I-O Transportation Industries

(millions of dollars)

Bus, Truck Arrangement of | Arrangement of

Rail | Taxi |Warehousing | Water Pipe Freight Trans. | Passenger Trans. | Trans. Total

Commodity 30,550| 12,330 74,320 23,043 44,245 7,981 2,621 4,270 199,960
Output

Persons Related 918] 12,806 —| 936] 33,270 - — 4,270 52,200

Goods Related | 29,632 124 74,320( 22,107] 10,975 7,981 2,621 — 147,760

Margin 26,161 45909| 5912} 3.270f 7,795 —_ 89,047

Direct Sales 3,471 124 28,411] 16,195 7.705 186 2,621 - 58,713
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Table 3.—Use of Transportation Related
Commodities (millions of dollars in 1982
purchasers' prices)

Percent Purchased b
Total Use by y
Business & | Transportation
Commodity | Government | Industries Others
Gasoline 40,711.2 36.2% 63.8%
Diesel Fuel
(excl. heating) 31,198.4 39.5% 60.5%
Tires 2,296.1 53.8% 46.2%
Auto and
Truck Parts 4,213.6 11.3% 88.7%
Motor Vehicle
Insurance 2,495.4 8.0% 92.0%
New Autos”
and Trucks 3,983.9 75.6% 24.4%
Auto Repair 13,216.5 8.6% 91.4%

From the detailed I-O accounts, the specific com-
modities produced canbe determined. In this case,
the commodity produced is bus transit, and it
represents 28 percent of the total highway passen-
ger transportation. Table C2 shows that
transportation industries are not as heavily labor
intensive as most service industries. However,
they require a substantial capital investment in
vehicles and in intermediate inputs such as fuel,
tires, etc.

The commodity consumption data contained
in the [-O accounts show thatnotall transportation
is performed by transportation industries, i.e., that
many businesses, such as wholesale and retail trade
and manufacturing, supply their own transpor-
tationservices. Table 3shows the use of transporta-
tion-related commodities by all businesses. The
last column shows that nontransportation indus-
tries use a significant portion of these commodi-
ties. These percentages indicate the degree to
which industries are providing their own trans-
portation services.

Whether the businesses provide these services
at their main establishments or at separate loca-
tions is irrelevant. Regardless, the data for these
transportation operations are not included in the
SIC data for the transportation sector; rather, these
data may be included separately as auxiliary oper-

ations to the main SIC classification. However,
theseauxiliary operations, whichinclude functions
such as central administrative offices, are not re-
ported separately by function. Thus, the current
SIC distinctions make compiling complete data for
transportation extremely difficult.

Industry output for the I-O accounts is mea-
sured in terms of receipts, and the data are sup-
plied by the quinquennial economic census. How-
ever, only certain transportation SIC codes are
included in this census, and these have been cov-
ered only since 1987. Table4 shows thesource data
used in preparing the output estimates for trans-
portation in the BEA I-O accounts. The table
reveals broad inconsistency in the sources and in
the method of estimation. The table displays sev-
eral examples that use the indirect method; for
example, BLS wage and salary estimates are used
to compute a factor to cover nonlabor inputs.

In summary, Young reiterated that the trans-
portation industries suffer from a lack of a consis-
tent data set and a complex problem of classifica-
tion, which make the data and any estimation of
transportation relative to the economy as a whole
suspect. Although the 1992 economic census will
improve the statistics by covering more segments
of the transportation industry, gaps remain. Uni-
versal data cannot be collected with assurance of
its reliability until all areas are covered.

Discussion

" From the highway user’s point of view, trans-
portation productivity can be a big contributor to
the bottom line of U.S. industry, stated discussant
Lester Lamm, President of the Highway Users
Federation. When the bottom line increases, the
industry employees and customers prosper; when
it decreases, businesses begin to fail. Most people
believe that there is a link between the level of
service provided by the transportation industry
and overall productivity or economic vitality.
Unless that link is totally incorrect, benefits to
transportation industry productivity should ben-
efit economic vitality.

One question is whether transportation indus-
try productivity is increasing or decreasing and by
how much. During the deliberations for the ISTEA
legislation, the Senate committee maintained that the
overall transportation productivity growth was only
0.2 percent per year for the last several years. They
believed that this figure reflected a need for signifi-
cant changes in the implementation of public-sector

10
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Table 4.—Principal Source Data and
Estimating Methods Used in Preparing

I-O Gross Output

Industry

Receipts Source

Railroad

Interstate Commerce Commission
(ICC), Transport Statistics in the
United States

Local and Interurban
passenger transit

Taxicabs
Intercity buses

School buses

Local transit

DOT special survey
American Bus Association

Bureau of Labor Statistics (BLS)
wages and salaries and private
association data for nonlabor estimate

BLS wages and salaries, BLS and
Census Bureau (Census) data for
nonlabor estimate

Trucking and
warehousing

Pre-1987, ICC for regulated portion
and Census for nonregulated;
1987, Census Bureau quinquennial
censuses

Water transportation

Pre-1987, BLS wages and salaries
and private association for nonabor
estimate

Also ICC and Census foreign trade
statistics

1987, Census Bureau quinquennial
censuses

Airlines

FAA operating revenues of scheduled
air carriers

Pipelines, except

Federal Energy Regulatory

natural gas Commission

Transportation

services
Arrangement Census Bureau quinquennial
of passenger censuses
transportation
Arrangement BLS wages and salaries and Census
of freight data for nonlabor estimate
transportation

Transportation Policy Associates and
Air Freight Forwarder Statistics

transportation investment programs. However,
many experts asserted that the figures do not reflect
the situation accurately. Rail productivity may be
closer to 8 percent per year, and highway productiv-
ity may be more than 3 percent.

Lamm agreed that changes in transportation
productivity over the last decade have reflected
public activities, which cross partisan positions.
However, he asserted that several changes in pub-
lic policy, particularly concerning deregulation,
have been made without consideration of the full
impact of those changes. Lamm maintained that
several issues raised by the panelists warrant fur-
ther consideration:

B How useful is an aggregated figure of trans-
portation productivity when statistics show
wide differences in productive performance
among different transportation modes?

B How should transportation productivity be
defined and measured across and within the
different transportation modes?

B How canmethods of acquiring databe devel-
oped to include all transportation activity?

B Should the pertinent statistics be transporta-
tion productivity, or should they indicate, as
Norris maintained, productive efficiency of
the transportation industry?

B What role should customer satisfaction and
private-sector performance have in produc-
tivity measurements?

B Should the United States spend much effort
inmeasuringits domestic transportation pro-
ductivity inisolation, or should itbe working
with other nations so that future evaluations
of performance throughout the world are
based on the same factors and types of mea-
surements?

In addition to these issues, transportation offi-
cials must consider the impact that emphasis on
different elements of ISTEA might have on trans-
portation productivity; i.e., which improvements
in the funding apparatus will provide the most
long-lasting positive impacts?

The second discussant, Paul Roberts, Presi-
dent of Transmode Consultants, cautioned that,
in measuring transportation productivity, econo-
mists and transportation officials must not confuse
two important aspects of productivity growth:

11
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B Productivity growth of the general economy
as a consequence of changes in the transpor-
tation system.

W Productivity growth of the transportation
industry and its segments in and of itself.

By definition, productivity is outputs divided
by inputs. Therefore, to increase productivity, one
must either increase outputs or decrease inputs.
Although the formula seems straightforward, the panel-
ists offered several explanations of why the mea-
surement of inputs and outputs, and thus the
measurement of productivity, is complicated.

The issues are further complicated in the trans-
portation arena, Roberts asserted, by the different
outlooks of economists and engineers. Frequently,
economists measure productivity in terms of dol-
lars, whereas engineers measure productivity in
physical terms. Although highways may be very
productive in physical terms, they are very unpro-
ductive in terms of dollars. Roberts questioned
whose viewpointshould begiven the greater weight
in determining productivity.

When one attempts to measure transportation
productivity, it may be helpful to understand the
factors that may cause increased productivity in this
sector. Roberts listed several ways to improve trans-
portation productivity:

B Increasing the connectivity in a sparse net-
work. Adding new links in the highway
network, such as bridges, tunnels, and by-
passes, decreases mileage and travel time and
thereby increases overall productivity.

B Increasing service levels on existing links in
the network. Eliminating capacity constraints

in specific areas of the highway network, by
adding lanes, improving the pavement qual-
ity, etc., also increases productivity by saving
time, fuel, and other inputs.

Improving the efficiency of existing opera-
tions. For example, highway productivity is
enhanced by increasing vehicle utilization,
increasing throughput on highway facilities,
and reducing empty miles for freight trans-
porters.

Reducing the costs of primary inputs. One
result of deregulation was the conscious effort
to reduce labor costs. However, the relative
costs of equipment and facilities can also be
reduced by using them to the fullest extent
possible.

Roberts maintained that an important aspect of
measuring productivity is to identify causal rela-
tionships. He recommended considering the fol-
lowing aspects as potential measures for transpor-
tation productivity: (1) the increased carrying ca-
pacity of trucks, (2) the change in types of products
that are being transported (e.g., ton-miles may not
bethebestindicator for today’slighter weight, more
valuable products), and (3) the trend toward smaller
inventories in stores and more frequent shipment
from a centralized warehouse. Although this trend
accounts for higher transportation costs, central-
ized housing and control of inventory reduces over-
all costs for the merchandiser, thereby increasing
productivity. Unless these causal mechanisms are
identified, the results of econometrics will be mis-
leading and confusing, according to Roberts, be-
cause they will not reflect the true picture of trans-
portation productivity.
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Session 2: Ambient Productivity Trends and
the Measurement of Transportation
Productivity

aking issue with recent assessments of
productivity growth in the transportation
I industry, Alan Pisarski asserted that the
transportation industry is not moribund, as some
havesuggested; butrather the transportation statis-
tical system is moribund. Several factors contribute
to the difficulty in measuring transportation produc-
tivity, such as industry restructuring with deregula-
tion, and the general difficulty inmeasuring services.
This difficulty in measuring services, Pisarski main-
tained, lies behind the real problem in forming more
meaningful productivity measures. Theclassicissue
is the conceptual dilemma in defining the output of
transportation services and determining how to
measure that output. Although billions of dollars of
transportation services are purchased each year, the
industry still lacks a clear definition of the product
provided.

The standard measurements of transportation
output are ton-miles (for freight) and passenger
miles. However, according to Pisarski, different
sectors of the industry measure these outputs in
different ways, and a comprehensive survey of
measurement methodsisneeded at the outset of an
evaluation of productivity measures. Further-
more, these measures are inadequate because they
fail to account for innate differences in the service
provided. For example, these measures appear to
equate passenger miles in a rowboat with those on
an ocean liner, ignoring the quality of the service
provided. They do not consider the value of the
productsserved, appearing to equate the ton-miles
for a ton of coal with those of a ton of computer
chips. The measures also fail to take safety and
reliability of the service into account; a shipment of
a ton of bricks is treated in the same manner as a
shipment of a ton of orchids. Finally, these mea-
sures donotrecognize the mostimportant element
of most transportation services, which Pisarski
maintained is speed.

Pisarski contended that the reach of statistics
needs to be extended into more sophisticated
expressions of productivity. He cited the Section
15 reporting system of the Federal Transit

Administration, which measures whatit calls “ser-
vice efficiency,” or the amount of service output
provided per unit of input. Section 15 also consid-
ers service effectiveness, which includes factors
such as the loading, e.g., whether all of the seats on an
airplane are filled. In other words, service effec-
tiveness involves how effective the service pro-
vider is in ensuring that the provided service is
consumed. The distinction in these two measures,
according to Pisarski, is that “efficiency is doing
things right, whereas effectiveness is doing the
right things.” When converted to dollars, these
measures of service efficiency and service effec-
tiveness also indicate cost efficiency.

Differing characteristics of passenger and
freight travel offer some interesting implications
for measurement of productivity, noted Pisarski.
For example, the value of travel time to passengers
varies greatly according to the occasion and may
even be irrelevant in some travel modes, such as
ocean cruise liners. However, the movement of
freight entails a value-based component, in terms
of thedollarsinvolved, thatincludes both time and
inventory value. Also, passengers can assist in the
productivity process by performing intermodal
moves. However, passengers have very special
packaging needs that must be met if the service
provider expects to avoid their complaints and
keep their business.

Because of these different characteristics,
Pisarski recommended that a potential mecha-
nism to improve the productivity measurement
process would be to construct a stratified transpor-
tation demand set by dividing and classifying
travel demand according to the requirements for
types of service and travel time. Then measures of
service provided and productivity could be struc-
tured around how well the transportation indus-
try responds to the demands in terms of invest-
ment and services provided to the different de-
mand strata.

Changes in productivity often occur as aresult
of economic and social trends thatareindependent
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of events within the transportation industry.
Pisarski coined the term “ambient productivity
effects” for trends such as the following:

®m Changesinthe composition of the cargobase,
such as anincrease in shipments of consumer
goods over those of commodities.

B Changes in trip length, both in passenger and
freight transport, which increase passenger
miles and ton-miles and thereby increase pro-
ductivity.

B Changing geographic patterns, such as in-
creased congestion in some areas.

® Congestion is a strong negative ambient pro-
ductivity factor for trucking and urban tran-
sit buses, according to Pisarski, because it
reduces speed and reliability and is beyond
the carriers’ control.

Statistics show that ton-miles per capita con-
tinue to increase, while ton-miles per unit of GNP
continue to decline. Pisarski questioned whether
this trend is an indication of increased productiv-
ity. He attributed the trend to several factors, all of
which affect the amount of ton-miles: the reduc-
tion in size of most commodities produced (such as
televisions, automobiles, and computers), the
purchase of goods outside the country, and the
shift from a manufacturing economy to a
service-oriented economy.

These changing market factors cause either a
decline or an increase in demand for specific trans-
portation services and thereby affect the produc-
tivity of different transportation sectors. In a de-
clining demand case, such as that experienced by
the railroads following deregulation, the industry
must reduce inputs to conform to declining de-
mand without reducing supply of services to the
point that demand is further reduced. The U.S.
railroad industry achieved astonishing productiv-
ity in this type of environment. In an increasing
demand case, reflected by the recent experience in
trucking, the industry must invest properly and
wisely to offer the types of services that meet the
demand.

The emergence of new productivity, such as
that from new technologies, within the general
economy also can have long-term effects on trans-
portation productivity. Pisarski called these
changes “exogenous productivity.” For example,
the introduction of facsimile machines, the wide-
spread use of computers, and new communications

technologies have all had a significant impact on
transportation. Some of these technologies may be a
substitute for transportation, and others may en-
hance the capabilities of transportation industries.
For example, car rental companies cannow offer one-
way rentals because technology allows them to track
reservations and the location of all rental vehicles.

The current productivity measures are mislead-
ing also because they do not reflect changes in the
modal composition of transportation services. For
example, the shift in freight transportation from rail
totrucking hasresulted inanapparentincreasein the
cost of ton-miles of travel. However, trucking offers
speed, service quality, security, and reliability—fac-
tors that, as Pisarski previously noted, are not in-
cluded in current productivity measures. The intro-
duction of a time or a value productivity measure,
such as dollar-miles, would change the statistical
view of trucking to that of a productivity leader.

Pisarski also raised issues about the current
demand for increased intermodal transportation
for both passengers and freight and the implica-
tions for productivity measurement. First, the
measurement of terminal productivity is very com-
plex and difficult, given the array of activities and
types of facilities involved, and this type of mea-
surementhas continued tobe a privateissue within
the industries. Second, intermodal transfers are
inherently unproductive, and the costs in time
delay and equipment for transfers must be over-
come by greater productivity in the second mode,
if overall productivity is expected to increase.
Therefore, the development of joint measures of
productivity for intermodal transport will need
careful consideration.

Finally, Pisarski warned that the word “effi-
ciency” rarely has a useful meaning in relation to
transportation unless it is carefully clarified, and it
can be dangerous in the transportation commu-
nity. Although larger trucks, mass transit, and the
hub-and-spoke system in airports are all more
efficient, they may simply shift cost burdens from
the producer to the consumer. Furthermore, trans-
portation efficiency may differ totally from effi-
ciency for the consumer. For example, the practice
of delivering Domino’s Pizza one at a time is
extremely inefficient from a transportation stand-
point, but from the consumer’s point of view, it is
extremely efficient. Thus, the place of transporta-
tion productivity and efficiency in the overall effi-
ciency of the economy is an important consider-
ation in measuring productivity. If these factors
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are not measured adequately, the transportation
industry may receive false signals that it is not as
productive as it should be. Finally, as the indi-
vidualinboth passenger and freight travel become
more valued, the statistics will diverge sharply
from reality.

Discussion

The participants raised several issues in re-
sponse to Pisarski’s presentation. One person noted
that another danger in measurement of output in
ton-miles across the transportation industry is that it
does not account for conditions that affect the mea-
surement, such as a change in the way petroleum is
moved from one part of the country to another.

The issue of the differences between produc-
tivity and efficiency raised several questions.
Responding to a request for clarification of the
Domino’s Pizza deliveryexample, Pisarskiexplained
that whether it can be considered productive or not

depends on how resources are defined. If the
consumer’s time is considered as a resource in
addition to the use of the driver and vehicle, then
the equation may work out correctly. He reiter-
ated that the implications of always considering
mass movement as more efficient than individual-
ized movement may not be attractive to society
and that efficiency and productivity should not be
abstracted from human purposes. One participant
pointed out that an automobile and an 18-wheeler
carrying pizzas represent two entirely separate
production functions with their own embedded
measures of productivity and efficiency.

One participant disagreed that speed of ser-
vice is a driving factor in the transportation indus-
try and emphasized reliability as an important
factor. The trend in society, replied Pisarski, is
toward high value, and speed will be a factor
because of inventory costs. However, he repeated
the importance of responding to the demand set
and again recommended constructing a stratified
demand set.
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Luncheon Presentation: The Difficulty
of Measuring Productivity in the Motor
Carrier Industry

s he prepared his presentation, related
ATimothy Lynch, Vice President of Gov-

ernment Affairs at Roadway Services,
Inc., he initially intended to discuss why the often
cited statistic presenting a low transportation pro-
ductivity growth rate (0.2 percent) is “all wet.”
However, after studying several statistics from his
own company, he changed the theme of his pre-
sentation to “why measuring productivity in the
motor carrier industry is difficult.”

Few industries compute and analyze produc-
tivity numbers more than the motor carrier indus-
try, according to Lynch. For example, Roadway
Services, which is a holding company for several
transportation firms, measures dock productivity,
pickup and delivery productivity, freight bills
handled perhour, and average load factors, among
other measures. Each individual terminal has its
own measures. Lynch used these figures in an
effort to analyze productivity at Roadway.

Lynch began with some basic yardsticks of
growth for Roadway from 1978 to 1991:

8 Total shipment weight increased from 6 mil-
lion tons to 7.2 million tons (5.4 to 6.5 million
megagrams).

8 The intercity, over-the-road fleet increased
in number from 3,135 to 3,159.

B Total employees increased from 23,000 to
25,000.

B Theaverageshipmentweightdecreased from
1,174 t0 1,080 pounds (533 to 490 kilograms).

B The average length of haul increased from
988 miles to 1,210 miles (1,590 to 1,947 kilo-
meters).

B Theterminal countincreased from 455t0610.
Lynch’s initial view of productivity numbers

was encouraging. He found that Roadway deliv-
ered 29 percent more less-than-truckload tons in

1991 than in 1986 with only 3 percent more man-
agement employees, and between 1978 and 1990,
the company handled 23.5 percent more ton-miles
with 11 percent less fuel consumption. However,
ashebegan toapply traditional productivity analy-
ses to these figures, he discovered that growth in
ton-miles per line haul power unit was not signifi-
cantly better than past citations of low productiv-
ity growth rates in the transportation sector.

Lynch then examined other statistics such as
dock pounds per hour, number of accidents per
number of miles traveled, and average tractor
length. He explained that he used 1978 as his base
year because it represented a stronger baseline
than that of 1982, when the industry was in reces-
sion. Finally, he computed the standard measure-
ment of ton-miles per employee, skewed slightly
with factors related to shipments. He found an
average annual productivity growth rate of just
under 2 percent. He attributed much of the pro-
ductivity growth rate in his company to the con-
version of its tractor fleet from primarily a single-
trailer fleet to an 85 percent double-trailer fleet in
1986. He applied the same methodology to the
overall industry rate and found a significantly
lower rate.

An informal survey of Lynch’s coworkers re-
vealed that many were not surprised to find produc-
tivity growth rates of 2 percent, which was lower
than Lynch anticipated. They all agreed that tradi-
tional productivity measures cannot accurately re-
flect dramatic changes in the industry, particularly
the value-added benefits that the industry offers in
responsetocustomer demand. AlthoughRoadway’s
primary product continues to be the movement of
goods, advances in technology over the last 10 years
have had a tremendous impact on the way those
goods are moved. To illustrate this point, Lynch
reported that the company’s 1981 annual report de-
voted two sentences to its new computer tracking
system. In contrast, the 1991 annual report devoted

17



SEARCHING FOR SOLUTIONS — A Policy Discussion Series

considerable space to describing the company’s ad-
vanced technological capabilities. With theuse of bar
codes on packages and scanners at the dock door,
workers can automatically update the database. Su-
pervisorscanaccurately track shipmentsand identify
those thatare behind schedule or otherwise service
sensitive. Shipment schedules can be easily modi-
fied. Shipments canbe weighed and automatically
rated and invoiced by computer. Thebar code tells
automatic sorters at which door to deliver specific
packages. This technology has allowed Roadway to
provide logistics support services that customers
previously had to provide for themselves. The sys-
tems allow customers to substitute information for
inventory, as Roadway’s companies provide
“just-in-time” parts delivery properly sequenced for
the assembly line. Satellite communications allow
companies to guarantee pickup of shipments within
90 minutes and delivery within 30 minutes of an
agreed upon time.

Traditional measures of productivity have not
kept pace with these advances, nor do they con-
sider other factors such as increased safety. As
Roadway Services converted its fleet to a primarily
double-trailer fleet, Lynch reported, it handled
23 percent more ton-miles with 500 fewer acci-
dents. A true picture of productivity cannot be
obtained, according to Lynch, unless such factors
as value-added services and increased safety are
included in the equation.

Discussion

Participants questioned Lynch about the role
of employees in the success and productivity
growth of Roadway Express. Noting that one
explanation of lower productivity growth may be
a lower skill level of the workforce, one person
questioned if this perception were true for the
company. Lynch explained that the advances and
growth in the company have required higher
skilled workers. For instance, one terminal con-
tains 400 doors and has 75 to 80 tow motors oper-
ating atany given time. Workers mustbe skilled to
work in this type of environment. Lynch reported
that employees are working smarter, not harder or
longer hours. In addition, Roadway Express’ op-
erations are unionized, so the workforce is stable
but has changed somewhat in composition. Al-
though the number of drivers has increased, the
number of support staff has been reduced through
attrition as a result of increased automation and
implementation of more efficient procedures.

Another participant pointed out that the in-
creased services described by Lynch allow Road-
way Services’ customers to be more productive,
but at a cost. Lynch explained that Roadway Ser-
vicesoffercompetitively priced productsand services,
which, he believes, contribute to productivity
growth in the overall economy.
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Session 3: Modal Freight Productivity
Issues

his session, moderated by Alan Pisarski,

consisted of a panel discussion of the im-

plications of productivity measurement
for different transportation modes. The panel
members discussed measurement issues from the
perspective of air freight, railroads, and shippers.
This session offered broad discussion of past, cur-
rent, and future measures across modes; problems
with those estimates; the importance of modal
measures; and recommendations for gathering
additional data.

Air Freight: A Discussion of
Available Measures

To understand productivity in the airline in-
dustry, according to Paul J. Hyman, Vice Presi-
dent of Cargo Services at the Air Transport Asso-
ciation, one must first understand the structure of
theindustry. Airlinesrepresentthe youngest trans-
portation mode, and the air freight business has
been a significant component only in the last
15 years, since deregulation and the birth of over-
night package service and the just-in-time inven-
tory concept.

Air freightmovements arebasically intermodal
movements, explained Hyman;i.e., all air freightis
delivered to and from the airport by truck. In fact,
there are several components of the air freight
system that must be considered in productivity
measures: the freight forwarder and consolidator
who forwards the shipment to the airport, the
aircraft, fuel, labor, airport handling, administra-
tive functions such as billing and collection, mar-
keting and sales, brokers for international ship-
ments, and delivery of the product. The deregu-
lated environment has resulted in the growth of
several integrated carriers who performall of these
functions under one organization. However, the
industry also contains carriers who provide only
airport-to-airportservices. Themeasures of system
productivity and quantification therefore vary
widely.

Hyman listed several productivity measures
used by airlines:

B Revenue, with yield figures such as dollars
per ton, yield per seat-mile, and revenue
ton-miles (or revenue ton-kilometers). Over-
all revenue for U.S. airlines last year was $71
billion, with $12 billion in cargo revenue.
The total revenue ton-kilometers internation-
ally for freight was $74 billion.

Tons enplaned and deplaned. The Federal
Aviation Administration uses this measure,
added to the weight of the aircraft, to deter-
mine the total weight of aircraftlanding atan
airport. This figure is then used to determine
the amount of capital funds needed for im-
proving freight facilities of various airports.

Aircraftutilization. The hub-and-spoke sys-
tem, popular since deregulation, has offered
greater aircraft utilization, i.e., hours of air-
craft use per day.

Number of shipments. The airline industry
processed 741 million shipments last year.

Number of on-time shipments. This mea-
sure adds a qualitative measure to produc-
tivity.

Type of service provided, which differenti-
ates between same-day, or over-the-counter,
service; priority air service, in which cargo is
shipped with reservations on specific flights;
and general cargo service, in which packages
are transported on a space-available basis.
The three types of service have different per-
formance measures.

The various measures have several implica-
tions for decisions concerning investment in infra-
structure. For example, the airline industry has
demonstrated that it is losing $3 billion per year
because of air traffic control delays. Therefore, the
industry welcomes an examination of the relation-
ship of infrastructure and investment in infra-
structure to overall productivity growth.
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Railroads: Lessons To Be
Learned

To be effective, stated Martha Lawrence, a
Principal with Transport and Management Con-
sultants, Inc., both infrastructure development
and the promotion of intermodalism must be
guided by the productivity implications of pro-
spective investments. Lawrence emphasized the
importance of using a precise definition of produc-
tivity, i.e., the efficiency with which physical in-
puts are turned into product or service outputs by
the firm or industry examined. Productivity
growth, she explained, rests on real improvement
in the ratio of outputs to inputs. In stressing these
definitions, she also underscored the fact that price
cuts should not be equated with productivity. For
example, declining rail prices during the 1980’s
resulted from increased competition and lower
diesel fuel prices, but this decline is not a produc-
tivity improvement. However, productivity im-
provements within the industry allowed it to re-
main financially viable during that period.

In multiproduct firms, Lawrence explained,
accurate productivity measurement requires con-
sideration of and control for multiple inputs and
multiple outputs. Production of freight service
requires a wide range of labor equipment, fuel,
and capital inputs. Certain inputs may be substi-
tuted for others over time, making single-factor
productivity measures misleading indicators of
overall productivity. (For example, see Table 5,
which displays the growth rate in a range of com-
mon rail productivity indices as compared to the
total factor productivity index.) Furthermore, dif-
ferent outputs require different levels of resources
toproduce. Therefore, productivity measures must
be able to control for output change. Otherwise, a

Table 5.—Rail Productivity Measures
(Percent of Growth, 1980-88)

Productivity Measure Growth Rate
Ton-miles per employee hour 95.0%
Ton-miles per car owned 84.7%
Ton-miles per mile of track 42.5%
Ton-miles per train hour 41.1%
Ton-miles per gallon 34.0%
Total factor productivity index 32.0%

carrier may appear to have improved its produc-
tivity even though it uses the same resources to
provide vastly different services.

Economists have developed total-factor pro-
ductivity measures that weight the importance of
inputs to a range of services and controls for the
changes in the output mix. Although the proce-
dure is complex and has extensive data require-
ments, Lawrence advised DOT to promote such
analysis to fairly evaluate the impact of alternative
investment decisions on competing modes and
carriers. She cautioned that single-factor productiv-
ity measures may suggest a far greater pro-
ductivity than the more rigorous total-factor ap-
proach would indicate. Furthermore, each indus-
try tends to use the most flattering performance
measures available, so transportation officials
should beware of productivity claims of their con-
stituents.

According to Lawrence, transportation offi-
cials must also be aware of the scope of industry
coverage provided by the available data. Because
Class I rail carriers account for about 95 percent of
total industry revenues, total-factor productivity
measures developed for those carriers account for
the bulk of the industry. However, additional
productivity data are needed for short-line and
regional carriers, which participate in approxi-
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mately 20 percent of movements. More serious,
however, is the lack of productivity data for the
trucking industry. Only certain segments of the
industry (those that report to ICC) have been stud-
ied, and they represent a very thin segment of the
industry as a whole (see Figure 1). Yet discussions
of productivity in the recent debate over expanded
use of longer combination vehicles focused on the
these firms. Furthermore, statistics that are
available for the entire industry suggest that these
firms may not be representative of the industry.

Lawrence echoed Norris’ earlier warning that
the diversion of traffic from rail to truck can create
an overall decline in the country’s transportation
productivity,even though thisdiversion may cause
modal productivity measures to improve. Trucks
compete successfully withrail despite their greater
resource consumption because they offer a wider
choice of plant locations, they can accommodate
small shipment sizes, and they provide other logis-
tical benefits and services. However, these ben-
efits have exacted a high cost in the less efficient
use of resources and higher transport costs that put
U.S. producers at a disadvantage in the global
economy. According to Lawrence, abetter balance
needs to be achieved. She recommended that the
development of intermodal freight transport be
promoted under ISTEA so that the United States
can take advantage of both modes and increase
total productivity.

Experiences in increasing rail productivity of-
fer important lessons for transportation officials,
Lawrence maintained. First, productivity indexes
can be highly misleading unless they accurately
relate the consumption of inputs to the production
of outputs, measure and control for the mix of inputs,
and measure and control for the mix of outputs.
Second, productivity data must cover all of the
industry that the analysisis supposed torepresent.
Productivity measures depend on data availabil-
ity,and more comprehensive dataarebadly needed
for segments of the transportationindustry. Estab-
lishing reasonable infrastructure investment pri-
orities depends on better methodology, better cov-
erage, and better data. Finally, the rail experience
clearly demonstrates that physical productivity
advantages do not guarantee that services will be
used. Ifimproved resource use and reduced freight
costs areimportantto economicrevitalization, then
public policy must support these priorities.

Should Freight Shippers Care
About Productivity?

Speaking not as a shipper, but as an advisor to
shippers, Joseph Swanson, an Adjunct Professor
at Northwestern University and Managing Di-
rector of Joseph Swanson & Company, ques-
tioned what the role of the shipper is in the debate
over transportation productivity. Swanson first
addressed the issue of why a shipper should be
concerned with carrier productivity. He then dis-
cussed potential methods of measuring productiv-
ity in the truckload and LTL segments of the trans-
portation industry. He concluded with reflections
on who should be interested in these measure-
ments and on data collection efforts.

Should the shipper be concerned about pro-
ductivity measures? Although a correct balance
between quality and either performance measure-
ments or productivity measurements is unclear,
according to Swanson, the shipper must be aware
of the issues to make informed decisions. Ship-
pers, as well as public decision-makers, must ques-
tion which numbers are relevant to accurate mea-
surement of productivity as well as which ones are
relevant to performance because a focus on partial
productivity measurement systems can lead to
serious problems in terms of service quality. Ship-
pers also must consider productivity in cost
analyses and in designing long-term contracts.

Swanson maintained that, on the surface, the
evaluation of productivity change in the truckload
trucking industry appears to be fairly straightfor-
ward. The proportions of inputs—the power unit,
trailer, load, driver, and fuel—appear to be rela-
tively fixed. However, these appearances belie the
sometimes complex considerations that affect la-
bor and capital inputs, such as the number of hours
that drivers are allowed to drive in one stretch, or
theavailability of driversin certainlocations. There
is also the dilemma of incorporating and measur-
ing the public inputs of the infrastructure itself.
Indeed, usage of such inputs is being maximized
by the use of information systems, adjustments to
distribution center hours, and alteration of ship-
ment dates to meet distribution center capacity.

The traditional method of measuring produc-
tivity changes in the LTL industry, according to
Swanson, has been to break the business opera-
tions into segments such as pickup and delivery,
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maintenance, and line haul. This method pro-
duced several small, partial productivity measure-
ments for each portion of the service. However,
these measurements fail to define the collection of
inputs thatare put together to accomplish an entire
process and therefore give no clear indication of
productivity for the LTL industry as a whole.
Furthermore, they do not satisfy the shipper’s
concern about quality service. The shipper is not
concerned about particular components of the pro-
cess, such as pickup and delivery; however, the
shipper is concerned when the carrier delivers
only a partial shipment of parts or other goods.

Swanson added that some LTL carriers pub-
lish rates for certain routes and that he believes
these rates reflect long-run marginal costs. There-
fore, he suggested that research in this area could
be useful, because he believes that there is an exact
correspondence between costs and productivity.

Swanson concluded that the primary suppliers
of transportation services must continue to mea-
sure productivity, even if the reason is merely for
competitive analyses. Government also needs to
play a significant role in measuring productivity
because it can serve as an efficient data collector
and compiler of data already existing. Indeed,
although many in the rail and trucking industries
have vocalized their concerns over additional data
collection, Swanson asserted that such an effort
would not be as painful or intrusive as many fear.

Discussion

Frank Smith, Executive Consultant for the
Eno Transportation Foundation, expressed con-
cern that the high financial costs of advanced tech-
nology may offset any productivity gains that may
be achieved by it, but this fact is largely ignored in
the debate. Reduced labor costs achieved in this
manner are suspect, as are any other measures, if
true operating costs are shown. Perhaps, the par-
ticipant suggested, there is no such thing as finan-
cial productivity in public policy, but this issue is
important to businesses because they cannot ob-
tain capital if they do not make money.

Susan Binder, of FHWA, pointed out that the
airline industry’s use of hours of service as a mea-
sure of aircraft utilization may also produce mis-
leading information, because it involves only the
line-haul portion of the operation (actual inflight
time) and does not necessarily adjust for mainte-
nance, loading, unloading, or servicing time. These
factors, particularly servicing, must be considered
because they are necessary for continued opera-
tion. Hyman responded that maintenance charac-
teristics for different types of vehicles vary, but
that a formula could be developed to account for
such factors. Certainly, flying an airplane until the
wings drop off would lead to negative productiv-
ity. Binder further suggested that estimations of a
similar measure of truck utilization with a mainte-
nance compensation factor would be useful.
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Session 4: New Ideas for Measuring
Productivity in the Transportation Sector

evelopment of effective means of measur-
Ding productivity is not just an abstract

concern, according to the moderator of
this session, Karen Borlaug-Phillips, a Commis-
sioner at ICC. Phillips echoed the importance of
achieving high levels of production growth in the
various segments of the transportation industry
because transportation is a major component of the
American economy, and productivity is often
equated with competitiveness. Because transpor-
tation productivity will continue to play a role in
majorinfrastructure investmentdecisions, progress
toward a more effective means of measuring pro-
ductivity is urgently needed. Meanwhile, specific
measures of productivity are being used in other
types of decisions made by regulatory agencies.
For instance, ICC allows railroads to raise their
rates free of ICC interference, using a rail cost
adjustment factor thatincludes a productivity com-
ponent. The issues discussed in this session on
new ideas for measuring productivity in the trans-
portation sector overall have real-world applica-
tions, according to Phillips.

The Quality Implications of
Transportation Productivity
Measures

Reporting on the preliminary quantitative re-
sults from productivity and quality analyses that he
conducted with John Ozment, Ph.D., of the Univer-
sity of Arkansas, Edward A. Morash, Ph.D., Profes-
sor of Business Administration at Michigan State
University, addressed major productivity and qual-
ity questions using data from theairlineindustry and
from the household goods moving segment of the
trucking industry. Morash and Ozment addressed
four main research questions:

B To what extent are transportation service
quality concepts and measures interrelated?

B Towhatextentare transportation productiv-
ity measures related to service quality mea-
sures?

B Are different productivity concepts and
measures important in distinguishing
productivity-quality relationships?

B Do different types of carriers exhibit varying
productivity relationships, and must these
relationships be taken into account in pro-
ductivity investigations?

Morash and Ozment tested both objective and
subjective measures of quality, using actual indus-
try figures that represent lapses in quality of ser-
vice,such as percentage of shipments with lossand
damage, percentage of shipments late, etc., as objec-
tive measures and customer complaints as a sub-
jective measure. Their results showed that these
measures of quality were highly intercorrelated
within their respective modes of transportation.
These correlations would imply that the many
measures used to proxy quality in this case are
redundant in an information context. Although
some people would argue that the subjective
measures are irrelevant because of their relation to
idiosyncratic customer behavior, Morash argued
that both subjective and objective measures are
important in understanding productivity and
quality.

Next, Morash and Ozment tested whether firms
with greater productivity in terms of network den-
sity and capacity utilization also produced higher
quality. Results for the airline industry showed
that the density of the service-provider network,
i.e., frequency of service between two points, had
a significant relationship to quality. These results
are interesting, according to Morash, because ear-
lier research has shown that networks such as the
hub-and-spoke system for airlines or the break-
bulk and satellite terminals in trucking also pro-
vide cost efficiency. Morash asserted that the
better quality carriers have greater productivity in
terms of density. Interestingly, they did not find
the same type of relationship between quality and
capacity utilization; i.e., fully loaded larger planes
are not necessarily equated with quality service.
However, they found a significant positive rela-
tionship between typical managerial productivity
measures, such as departures per dollar of assets
or revenue per airport, and both subjective and
objective quality measures.

Morash and Ozment’s analyses support the
view that transportation density is associated with
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lower average total output costs, lower average
input costs, higher input yields, and greater asset
turnover. Morash added that, if these preliminary
results hold, the implication may be that network
densities are not only a strategic source of cost
advantage but also a basis for quality advantages.

Morash stated that, in light of the airline data
correlationanalysis, costefficiency of inputs should
not be confused with the productivity of inputs.
Indeed, productivity and efficiency are separate
concepts that may be traded off against one an-
other. The tests of the airline data found that, al-
though productivity of labor and equipment is as-
sociated with higher input costs, productivity is
also associated with lower average total out-
put costsand, mostinterestingly, withhigher output
quality and revenue yields. In contrast, there is no
significantassociationbetween greater “efficiency”
of labor and equipment input (i.e., low wage rates)
and average total output costs; nor is it associated
with quality. In some instances in this study,
“efficiency” has a significant negative association
with quality.

Morash emphasized that the implication of
these preliminary tests for the transportation in-
dustry is that an exclusive focus on productivity
may understate total economies and benefits.
Qualitatively different transportation outputs
would indicate that physical productivity mea-
sures be adjusted upward, possibly by a multiplier
effect, to reflect the benefits of both industry and
governmentalinitiatives and partnerships. Morash
added that when government provides better in-
frastructure, it also facilitates quality as an aspect
of productivity.

The Relationship Between
Increasingly Efficient Highway
Freight Transportation
Operations and the Improving
Productivity of Inventory
Investment

The mostimportantmeasure of highway trans-
portation productivity, according to Robert V.
Delaney, Executive Vice President of Cass Logis-
tics, Inc., is the ratio of inventory to monthly sales
of manufacturing and trade. This measure is the

ratio that business understands, and according to
Mr. Delaney, transportation officials should focus

on this ratio in looking for support for highway
expenditures.

Faster, more reliable transport service enables
manufacturers to hold less inventory and hold it in
fewerwarehousesand distribution centers. Inven-
tory rebuilding used to be an indicator of economic
recovery, accounting for about one-half of a point
of GDP, but this phenomenon is no longer true,
according to Delaney. Shipments and expenses
both show that the economy is improving, but
businesses are not increasing their inventories.
Corporate profits are also up, not because of rising
prices, but because of reduced investments in in-
ventory assets.

A study by Blinder and Maccini has found that
the economy-wide ratio of real inventories to real
sales has been trendless for 40 years. Paradoxi-
cally, major publications have cited an efficiency in
operations and price reductions by businesses.
Delaney examined the figures and found that,
when deregulation of the transportation industry
was beginning to have an impact, the ratio of
inventory to sales was 1.52. By March of 1987, the
ratio had dropped to 1.28. However, in April of
1987, the Department of Commerce revised the
estimation to 1.49 in light of the Tax Reform Act of
1986, thereby retroactively increasing all of the
inventory valuations for the previous 5 years. Thus,
Delaney concluded that the data in the Blinder and
Maccini study was suspect. According to Delaney,
increasing the inventory valuations was a mistake
that masks the major productivity improvements
in the country’s highway system.

Although the inventory-salesratiois currently
decreasing, Delaney believes that it is actually
lower than public estimations. Furthermore, he
asserted that the Bush Administration would have
received more support for ISTEA as it originally
was written if business leaders possessed a better
understanding of the contribution of highways to
productivity as reflected in the inventory-sales
ratio. Finally, Delaney suggested an interagency
task force of representatives from the Departments
of Transportation and Commerce and the Anti-
trust Division of the Department of Justice to ex-
amine the data and sort out this situation.

Discussion

W. Bruce Allen, Ph.D., Professor at the
Wharton School, University of Pennsylvania,
cautioned the participants that although Morash's
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simple correlation analysis is adequate as the au-
thors have conducted it, correlations of measures
donot prove causation. The same type of informa-
tion in a multiple regression analysis might reveal
very different results, although multiple regres-
sion does not prove causality either. An examina-
tion of productivity as a function of the network,
utilization, and quality concepts might reveal that
productivity and quality are not positively related.
Allen also expressed disappointment that the pre-
sentation did not use total-factor productivity in
itscomparisons; however, another speaker soundly
criticized the multifactor approach for transporta-
tion productivity.

Some aspects of quality cannot be controlled by
managers, according to Allen. For example, more
flightsare canceled at the Hyannis Airport than at the
Memphis Airport simply because of the prevalence
of fog atthe Hyannis Airport. Several factors, such as
weather, congested airports, and air traffic control
problems, may account for late arrivals.

Allen suggested that productivity measures
may be useful to a manager only after the fact. A
cost minimization output corresponds to a par-
ticular profit maximization quantity. The optimal
productivity measure in terms of simple ratios is
this profit maximizing output quantity divided by
capital. However, it is a mistake, according to
Allen, to maximize the output-to-capital ratio.
Carried to a ludicrous extreme, pricing at zero
maximizes the output produced because everyone
wants free goods. However, a manager who acts

in this fashion obviously will receive no revenues
and will not stay in business.

Allensuggested thatmoreappropriate produc-
tivity measures to calculate from a manager’s per-
spective would be the quantity when price equals
marginal cost and the most efficient way of pro-
ducing this output quantity (i.e., quantity-to-input
ratios). Allen agreed with Lawrence’s earlier re-
marks that productivity measures must be consid-
ered very carefully, and that firms should not be
compared unfairly as a result of those measures
because they have very different inputs that affect
their outputs.

Regarding Delaney’s presentation, Allen ex-
pressed that, although he believed Delaney’s as-
sertions, hisacademician natureneeded more proof
than Delaney’s anecdotal presentation provided.
He also expressed a desire to sort out cause and
effect in the changes in ratio of inventory to sales.
Because of the contradictions in many of the studies
that Delaney cited, Allen questioned if all used the
same data sets. He also offered an alternative
hypothesis to Delaney’s, i.e., that the phenomenon
Delaney described is the result of changing interest
rates, not of advances in transportation. Either
hypothesis could be correct, Allen maintained,
and all possible hypotheses should be investigated.
In response, Delaney noted that a relationship
between inventory investment and interest rates
existed between 1959 and 1980. However, follow-
ing partial deregulation of transportation, Delaney
explained, the relationship did not appear to exist.
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Session 5: Freight Transportation
Productivity Measures

dwin Dean, Ph.D., Associate Commis-

sioner for Productivity and Technology at

BLS, welcomed the participants to this ses-
sion, which began the second day of the sympo-
sium and was moderated by Elizabeth Pinkston,
an Economist with the Congressional Budget
Office. Dean explained why the widely promul-
gated transportation productivity growth figure
of 0.2 percent is not an official statistic published
by BLS. In fact, BLS does not publish any figure for
the transportation sector as a whole, but it does
maintain a file that combines BEA value-added
numbers with U.S. Department of Labor labor-hour
figures. Although not published, this file is avail-
able on request. However, this file presents a
different growth rate depending on the time period
selection, and it shows a growth rate greater than
0.2 percent.

BLS does publish two major sets of productiv-
ity measures: a labor productivity measure (out-
put per hour) and a multifactor productivity mea-
sure (output per unit of combined labor, capital,
and intermediate inputs). Included in the publica-
tions of labor productivity are (1) quarterly statis-
tics on major sectors of the economy such as total
manufacturing; (2) industry statistics for indus-
tries whose SIC codes are at the two-, three-, and
four-digit levels (including transportation indus-
tries); (3) Federal, State, and local governments;
and (4) international comparisons between the
United States and anumber of other countries. The
multifactor productivity figures published are sta-
tistics on major sectors and detailed industries.

Dean believes that an understanding of pro-
ductivity measuresisrelevantinanumber of fields
for the following activities:

B Assessing the potential for long-term
improvement in living standards.

B Evaluating international competitiveness.

B Addressing issues related to inflation.

M Assessing industry performance in discus-
sions of policy for the particular industry.

Thelack of detail for industry outputmeasures,
resulting from data implications of deregulationin

various industries, is a matter of concern to BLS. In
fact, BLShas suspended updating of bus and truck-
ing statistics because, since 1989, the data on de-
tailed outputs is insufficient and unreliable. BLSis
interested in obtaining more detailed information,
without enacting further regulation, regarding
characteristics of particular types of ton-miles,
passenger miles, or revenue statistics, which may
serve as indicators of changes in the composition
of output. By gathering this information, BLS can
adjust productivity measures for the changes in
output composition.

BLS is in tune with DOT, ICC, the Census
Bureau, and other agencies in their desire to obtain
and publish more detail in physical units and in
their use of indicators of changes in composition.
Dean cautioned that the agencies should work
together toavoid duplicating one another’s efforts.
BLS welcomes the opportunity to cooperate with
other agencies in these efforts.

Freight Transportation
Productivity Measures

If one accepts the results of one index of mul-
tifactor productivity, asserted Thomas Corsi,
Ph.D., Professor and Chairperson of Transporta-
tion, Business, and Public Policy at the Univer-
sity of Maryland, the Motor Carrier Act of 1980
resulted in a stowdown in productivity growth in
the industry instead of an enhancement of effi-
ciency. Corsi cited a study conducted by Robert
Gordon and published by the National Bureau of
Economic Research, which calculates a revised
index of multifactor productivity. This study indi-
cates average annual increases for the motor car-
rier industry of 1.47 percent between 1959 and
1969, 2.36 percent between 1969 and 1978, and less
than 1 percentbetween 1978 and 1987. The decline
in the latter period occurred during the years of
administrative deregulation at ICC and the first
years of the Motor Carrier Act. However, the
decline does not parallel observed advancements
in many areas of the motor carrier industry.
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Multifactor productivity measures are highly
sensitive to the specificinputsand outputs selected
and to the weights given to each of these measures.
However, there are no clear indications about the
individual contributions of each measure. The use
of differentindicators and alternative weights could
result in substantially different conclusions, ac-
cording to Corsi.

Instead of multifactor productivity measures,
the motor carrier industry uses three individual
indicators of performance efficiency:

B Annual miles per truck.

B Average load (derived from ton-miles over
total vehicle miles).

B Average length of haul.

Significant changes in these measures occurred
between 1977 and 1987, according to published
annual report data from Class I and Class Il motor
carriers. The average annual miles per truck in-
creased from 53,900 to 65,700 miles (86,741 to
105,731 kilometers). These increases were most
significantin the LTL and truckload general freight
segments. The average load increased from 11.6 to
13.1tons (10.5to 11.9megagrams). Theseincreases
were most significant for truckload general freight
and other specialized commodity segments and
were primarily the result of increases in vehicle
sizes and weights. The average length of haul
increased from 280 to 380 miles (450 to 611 kilo-
meters). This overall result held true for the LTL
and truckload general freight segments. These
increases stemmed from new flexibility allowed
the truckers in choosing the geographic territories
they serve.

Two dynamic changes in the trucking indus-
try are not apparent in these performance statis-
tics. First is the increase in carriers’ use of owner/
operators, which offer significant advantages over
the use of company drivers. Owner/operators
averaged 80,200 miles (129,066 kilometers) per
truck in 1987, compared to an industry average of
65,000 miles (104,605 kilometers) per truck; their
average load was 14.2 tons (12.9 megagrams) ver-
sus the industry average of 13 tons (11.8
megagrams); and their average length of haul was
493 miles (793 kilometers), compared to 380 miles
(612 kilometers) for all Class I and Class II carriers
combined.

Second, the industry experienced significant
gains among advanced truckload freight (ATLF)

carriers, who concentrate on long-haul traffic in
high-density traffic corridors. ATLF carriers have
a distinct management approach that allows them
to operate with lower costs. They use company
drivers, who are more productive, reliable, and
safety conscious. Carriers oftenassign thesedrivers
in teams so that trucks can operate more hours per
day, resulting in significant increases in annual
tractor mileage. Their focus on safety has enabled
many of them to lower their insurance premiums,
thereby lowering costs. They also offer sophisti-
cated load-matching capabilities. The results of
these practices are more than 100,000 annual miles
(160,930 kilometers) per truck, an average load of
16.3 tons (14.8 megagrams), and an average length
of haul of 1,232 miles (1,983 kilometers).

These figures clearly demonstrate that the
motor carrier industry has achieved a significantly
greater level of efficiency than that indicated by
multifactor productivity measures, Corsi stated,
as he again questioned the inputs and outputs
used and weights given to each in the index. He
noted that operating expenses for Class I and II
carriers combined decreased more than 30 percent
inreal terms from 1977 to 1987. He further empha-
sized that the multifactor productivity indexshows
effects of a broad category of trucking firms of
various sizes, and he is uncertain that these mea-
sures truly reflect this composition. He advised
using individual measures of motor carrier effi-
ciency or performance to determine productivity.
He expressed concern, however, about the lack of
data available and the low level of reporting re-
quirements for individual firms. Herecommended
collecting the following additional measures:

B Route-miles. This type of data was collected
by ICC before deregulation, when carriers
were allowed to travel only on certain high-
ways. However, it is still viable in the de-
regulated environment, according to Corsi.
A route-mile total could be calculated for a
carrier, using available network algorithms
based on the geographic location of each
terminal and the terminal-to-terminal link-
ages. This measure would give anindication
of changes in density.

Number of terminals. A picture of terminal
performance could be gained by dividing
total tons or shipments by the number of
terminals. Firms could then be compared
based on terminal performance.

28



An Examination of Transportation Industry Productivity Measures

W Percentage of empty vehicle-miles. A sig-
nificant advantage of advanced truckload
carriers is their ability to reduce empty
vehicle-miles. Measuring the percentage of
empty vehicle-miles would capture this im-
provement in efficiency, which is not cap-
tured in multifactor productivity measures.

Availability of this type of data would facili-
tate the more systematic, comprehensive analysis
that is needed to assess the impact of legislation on
the motor carrier industry and efforts by the motor
carriers themselves to improve efficiency.

Any discussion of industry efficiency or pro-
ductivity must also recognize the changes in ser-
vices provided since deregulation occurred. Ship-
pers have placed increasing demands on carriers
for specific delivery dates and times to meet the
requirements of their just-in-time inventory and
production systems. To ensure that these needs
are met, shippers have developed closerlong-term
relationships, or “partnershipping” agreements,
with carriers. Carriers have been forced to change
their operating systems in response to these de-
mands for enhanced service quality. One result is
the significant increase in on-time performance in
the industry. This type of environment contrasts
sharply with the regulated environment, in which
a shipper’s ability to give incentives for superior
performance or penalties for failures was coun-
tered by regulations against discrimination or pref-
erential treatment.

Increased emphasis on safety is another factor
thatmustbe considered. Thenumber of trucksbeing
inspected and the level of inspections have increased
significantly, beginning with the Motor Carrier As-
sistance Program in 1982. Carriers mustnow deliver
the goods not only on time but also with an estab-
lished safety record achieved as a result of a compre-
hensive risk-management program.

Output in the motor carrier industry is no
longer simply movement of goods from point A to
point B. The emphasis on safety and transit time
changes the quality of output substantially; transit
time and real operating costs, or expenses per mile,
have been significantly reduced while safety per-
formance has improved, yielding a higher quality
output. Thus, efficiency and productivity com-
parisons have become extremely difficult. It is
clear that additional measures are needed to
improve understanding of productivity in the
industry. Corsi maintained that collection of data

on the measures he recommended—route miles,
number of terminals, and percentage of empty
vehicle-miles—would be an important first step in
improving productivity measures.

Current Treatment of
Transportation Productivity
Measures by the Bureau of Labor
Statistics

Transportation productivity measures form
just one part of a broad program of measurement
encompassing labor and multifactor measures,
explained John Duke, a Supervisory Economist
with BLS’s Office of Productivity and Technol-
ogy. BLS presently publishes labor productivity
statistics on the following five industries in the
transportation sector: Class I railroads; Class Ibus
carriers; Class Iand Class IT trucking firms, exclud-
ing local trucking; air transportation; and petro-
leum pipelines. In 1980, these industries repre-
sented 50 percent of transportation employment,
but because of declines in employment in certain
industries, most notably railroads, they now rep-
resent approximately 37 percent of total transpor-
tation employment.

Labor productivity measures are computed
as indexes of output per hour by dividing an index
of outputby anindex of aggregate employee hours.
Thislabor productivity index eliminates the effects
of shifts in product mix on the productivity index.
The basic unit of output is the ton-mile for freight
transportation and the passenger-mile for trans-
port of persons. Although detailed data are not
collected to account for the different characteristics
of these outputs, BLS uses all of the data that are
available. The indexes of employee hours are
computed by dividing aggregate employee hours
for each year by the base period aggregate. Be-
cause of data limitations, these hours are treated as
homogenous, with no distinction for changes in
qualitative aspects such as skill and experience.
BLS uses a slightly different methodology for col-
lecting data and computing these statistics for each
industry. For industries such as trucking, for
which good data on average hours per worker are
nonexistent, labor inputis represented by anindex
of the number of employees.

The transportation industries for which BLS
publishes labor productivity statistics exhibit
widely varying labor productivity trends, asshown
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Table 6.—Labor Productivity Growth in Transportation Industries
(compound average annual rates of change in percent)

Transportation Industry 1960-89 1960-73 1973~-79 1979-89
Railroads

SIC 4011 59 6.0 14 87
Bus carriers, Class |

SIC 411, 413,414 (part) 0.0 08 13 03
Trucking, except local

SIC 4213 (pan) 29 29 32 27
Air transportation

SIC 4512, 4513, 4522 (part) | 44 73 48 18
Petroleum pipelines

SIC 4612, 4613 43 88 06 07

Source: Bureau of Labor Statistics

in Table 6. From 1960 to 1989, the average annual
growth rate was 5.9 percent for railroads, zero for
bus carriers, 2.9 percent for trucking (exceptlocal),
4.9 percent for airlines, and 4.3 percent for petro-
leum pipelines. However, most of these industries
show evidence of the general slowdown in
productivity growth that was pervasive through-
out the economy in the 1970’s. In the 1980’s, when
many industries experienced rebounding produc-
tivity growth, the record for transportation was
somewhat mixed. Only railroads, which re-
bounded from a 1.4 percent productivity growth
rate in the 1970’s to 8.7 percent in the 1980’s,
showed strong productivity growth, according to
BLS labor productivity measures.

Duke briefly explained the methodology be-
hind some of the industry-specific calculations,
emphasizing BLS’s attempt to adjust for underly-
ing service differences of various quantities of
output. An index of commodity mix is calculated
and used as an adjustment factor to reflect differ-
ences in service characteristics. In modes such as
rail, passenger-miles and ton-miles are combined
using labor expenses as weights. For trucking, BLS
labor productivity measures cover only Class I
and Il carriers. With the use of employment data as
weights, ton-mile output is aggregated for three
major carrier groups: general freight, specialized
carriers, and household goods carriers. The labor
input measure used in the trucking sectorisnumber

of employees because available data on hours are
insufficient.

The major limitation of these labor productiv-
ity measures is the lack of detail on outputs in
many cases. Although BLS takes advantage of as
much data as possible in developing its measures,
the lack of data on output composition prevents the
figures from fully reflecting varying service char-
acteristics. Furthermore, BLS has encountered
serious problems in collecting data for trucking
and bus carriers. Data filed by motor carriers with
ICC and aggregated by the American Trucking
Associations are often filed late and may be incom-
plete or inconsistent. Because of these problems,
not all Class I and Class II carriers are included in
the industry totals, making year-to-year compara-
bility of the data a concern. Duke maintained that
a government agency should take responsibility
for the difficult tasks of collecting, editing, and
aggregating the data to ensure that the data are
adequate. He further recommended that Class III
trucking firms be included in the data collected,
because these firms are so numerous. Similar
problems with the collection of data from bus
carriers have caused BLS to stop updating this
measure until better data can be obtained.

Multifactor productivity measures produced
by BLS first covered the major sectors of the
economy. However, recent efforts have been
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directed at the industry level so that these statistics
arenow available for all two-digit SIC categoriesin
manufacturing and for six industries in the three-
and four-digit categories. Because of the complex-
ity of the data necessary to calculate multifactor
productivity measures, few three- or four-digit
industries boast BLS multifactor productivity
measures. However, the latest three- and four-
digit measures are for railroads.

The methodology for multifactor productivity
measures begins with a production function that
considers output as a function of capital, labor,
intermediate inputs, and time. The rate of growth
is equal to the growth rate of output minus the
growth rates in each of the inputs, which are
weighted by their cost shares in the total cost of
production. Intermediate inputs are important in
this equation because they can be substituted for
capital and labor in a firm’s production decisions.

In computing multifactor productivity for rail-
roads, BLS used an aggregation of weighted freight
ton-miles and passenger miles for the output mea-
sure. BLS used waybill sample statistics on propor-
tions of ton-miles and revenue, adjusted for length of
haul, commodity, and shipping mode to allow for
differing service characteristics for different types of
shipments. Four hundred categories are used,
grouped by 4 ranges of length of haul, 50 commodity
types, and 2 shipping modes. Ton-miles in each
category are aggregated using revenue shares. The
employee-hour index measures the change in em-
ployee hours over time, with adjustments to exclude
capitalized labor, which is included in investment
expenditures as part of the capital input. The capital
input index is based on the flow of services from the
stock of physical assets. Capital stock of equipment
and structures are calculated from investment data
obtained from ICC and are deflated to constant
dollars using BEA and BLS data. The real value of
inventoriesand an estimate ofland stocksareincluded
as part of the capital input. Capital inputs are aggre-
gated with costsharesbased onimplicitrental prices.
The input of intermediate purchases includes mate-
rials, fuel, electricity, and services; data from ICCand
the Association of American Railroads are used for
these measures. The index of combined inputs is
calculated as an aggregate of the input indexes of
labor hours, capital, and intermediate purchases.

Theresults show that multifactor productivity
inrailroad transportation grew atanaverageannual

rate of 4.0 percent from 1960 to 1989. Broken into
subperiods, the average annual rates were 4.7 per-
cent for 1960 to 1973, 1.2 percent for 1973 to 1979,
and 4.8 percent for 1979 to 1989. Thus, the produc-
tivity statistics for railroads show that both multi-
factor productivity and labor productivity experi-
enced a slowdown in the 1970’s.

In closing, Duke reported that BLS is currently
working onamultifactor productivity measure for
airlines and hopes to publish estimates in late 1993.
BLS is also studying the feasibility of producing a
multifactor productivity measure for trucking;
however, Duke urged that problems with the col-
lection and aggregation of data for both the truck-
ing and the bus carrier industries mustbe resolved
as soon as possible so that better measures may be
developed.

Discussion

Several questions arose about the methodol-
ogy and adequacy of various weighting and ad-
justment schemes. Both Duke and Dean attempted
toclarify instances where BLS is trying to adjust for
shifts in composition of the output measure. In the
labor productivity measure, BLS must aggregate
different products to an industry level, explained
Dean, and it has chosen labor requirements for
each product as its weighting unit. To illustrate
how BLS eliminates the effects of changing output
mixes on productivity, hedescribed a case in which
an industry has two products with no change in
service characteristics or quality. In the base year,
the first product represented 40 percent of the
output, and the second product was 60 percent of
the output. In the next year, the share of output for
each product was reversed. If the product that
represented the greater weight in product mix
during the second year also had greater unit labor
requirements, a decrease in the productivity mea-
sure would result, not because of falling efficiency,
but because of the shift in output composition.
Thus, BLS attempits to reflect the effect on the total
of a shift between two types of output by applying
labor requirement weights to each product to pre-
vent these shifts from biasing the productivity
measure. When detailed labor requirements data
are unavailable, BLS uses unit revenue weights
based on the prices charged for the different types
of outputs. When quality changes in output are a
significant issue, BLS measures output in constant
dollars by dividing the value of each product by a
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price index that has been adjusted, whenever pos-
sible, to reflect the quality change. If prices de-
crease across the board, quality change is not un-
derestimated because the technique uses relative
prices of each of the different components at each
comparison period. Thekey concernis the relative
importance of each component, not changes in
input costs over time. Arthur Jacoby, of FHWA,
postulated that, by using a base-year unit revenue
value as an adjustment factor for quality changes,
BLS multifactor productivity measures may be
building in a bias to the productivity measures if,
for instance, there is a shift toward longer distance
transports.
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Presentation of Breakout Findings

Breakout Group A: Applications
of Transportation Productivity
Measures and Research
Recommendations

Group A focused on various applications of
transportation productivity measures in terms of
users’ purposes. Chairperson Daniel Brod,
Principal at the Hickling Corporation, suggested
that the “measurement of transportation produc-
tivity is to see what it contributes to GNP growth.”
A participant noted that many shippers and truck-
ers wish a Government agency would develop a
model that measures an entire profit center, not
just little pieces of the center.

Responding to its first assignment, the group
brainstormed the following applications of pro-
ductivity measures:

B Business planning and tracking, which helps
the private sector make prudent decisions.

B The basis for decisions regarding govern-
ment infrastructure investment policy and
programs.

B Private sector investment, i.e., the best use of
the dollar.

B An evaluation tool for public policy.

During this brainstorming exercise, one par-
ticipantcommented that current productivity mea-
sures aren’t adequate for the private sector—the
people “running the road.” Another person sug-
gested that there is a move toward less compre-
hensive data; that person wondered aloud if the
new Administration will bring the desire for “richer,
fuller data.”

That comment, the chairperson pointed out,
was a natural segue into Group A’s next assign-
ment, which it interpreted as the need to develop
a list of indicators that could be used to generate
meaningful, credible transportation productivity
measures.

Empty versus loaded miles was the first of a
number of alternative indicators mentioned. One

participant who has a background in the trucking
industry said that truck companies don’t care about
the standard indicator, ton-miles. He added thata
truck not carrying its full freight is much less
productive than a truck carrying full freight.

Thenexttwoindicators—annual vehicle-miles
per truck and the average length of haul by ve-
hicle—were suggested almost in one breath and
accepted without discussion. A participant in-
volved in economic analysis suggested that rev-
enue per ton-mile was a needed indicator. She
pointed out that this indicator should not be con-
fused with value of goods shipped; the revenue
from a load of diamonds, she explained, would be
far different than the revenue from a load of sand.
Another participant said that commodity value
per ton-mile is likewise important data to capture
and consider. This indicator was described as the
difference between the productiveness of coal
moving along tracks versus a shipment of comput-
ers moving along the highways. (Commodity
value is important when considering the relation-
ship between freight transport and inventories.
Freight-in-transit represents inventories in the or-
der pipeline and an important measure of the
“productiveness” of freight transport is its impact
on the dollar value of inventories, of which pipe-
line inventory is but one type.)

The final two indicators listed were energy
consumption per ton-mile and labor cost per ton-
mile. Concerning the former, a group member said
that this indicator “had been quiescent but will
appear on the screen” in the not too distant future.
He considered the use of this indicator long over-
due and recommended seeing if any data were
available for it. Labor cost per ton-mile was de-
scribed basically as the time savings considered in
cost-benefit analyses. Another participant re-
marked that value-added services are innovations
that trucking companies have made to improve
labor cost per ton-mile.

With these twolistsinhand, the group devised
the matrix shown in Table 7, rating the utility of
each indicator for every application. (However,
these ratings do not indicate availability of data.)
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Table 7.—Utility of Proposed Indicators for Applications of Productivity Measures

Applications
Business Government Private Sector Public Policy
Indicators Planning Infrastructure Investment Evaluation
Empty vs. loaded miles Good Good Good Good
Vehicle miles per truck Good Fair Good Fair
Average length of haul Good Fair Good Good
Revenue per ton-mile Good Fair Good Fair
Commodity value per ton-mile Good Fair to Good Good Fair
Energy consumption per ton-mile Fair Good Fair Good
Labor cost per ton-mile Good Fair Good Fair

Table 7 shows that empty versus loaded miles
received the highest utility ranking. Commodity
value per ton-mile and average length of haul were
the next best indicators. One person characterized
this exercise as “having the eggs, milk, and butter
that go into the cake; now we’re interested in the
cake.” Astheexercise progressed, another partici-
pant pointed out that his colleagues continued to
question the availability of data for this richer data
set that the group seemed to indicate was desired.
For most indicators, rating its utility to govern-
ment infrastructure decisions generated the most
discussion. Group A concluded that they had
developed a list of measures that are very impor-
tant to truckers and other transportation modes
but not very important to public policy.

In the second work group session, Group A
identified the following issues regarding data:

Are data representative? The group debated
if available data constitute a representative, good,
and unbiased sample or if new sampling methods
areneeded. Members identified the ICC sampling
as one gap between what is needed and what is
available, explaining that this sampling does not
include anything that is self shipped. Other mem-
bers pointed out that current measures may have
been good for rate-making but are not good for
other applications, such as business planning or
private-sector investment.

Are data complete? Participants were con-
cerned about whether available data are complete
enough to give a picture of what government and
business are interested in today. One person re-
lated that much of ICC data, including “just about

all” of the measures on the group’s list, were lost
through deregulation. Carriers continued to pro-
vide the raw data—all Class I railroads and Class
I and II carriers are required to provide these
data—but the Commission is not manipulating
them into useful information. It was suggested
that there may be different levels of aggregation
and summation that would serve this group’s un-
derstanding of completeness.

Do data take full advantage of today’s tech-
nology? There is an abundance of technology
marketed today for identifying, analyzing, and
sharing data. Group A briefly considered if this
technology is being used to its full advantage, but
no consensus was reached.

How are datarelated to the Nation’s economy?
This discussion built on the chairperson’s opening
remarks about how transportation productivity
contributes to GNP growth. Participants com-
mented that it is important to know whether the
effects of changes in transportation on productiv-
ity are being studied as a whole or as their effect on
the Nation’s economy.

Finally, the group developed the following
research recommendations by first reviewing the
issues they had just identified. They offered three
recommendations; members did not consider the
issue of technical advantage a current research
priority.

Inventory data and productivity measures.
Determine areas or interests covered as well as
the data’s value, usefulness, and shortcomings.
This inventory, the group maintained, would
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identify gaps and resource needs. Because of the
scope of this undertaking, which would take into
account old and lost data, the idea of doing the
inventory raised a couple of questions. How much
would gathering the data cost? Can the data be
accessed?

Investigatenetwork productivity effects. This
study would consider intermodal connections and
should explore the effects on national, state, local,
and international systems. Effects oninternational
systems are particularly important now that the
North American Free Trade Agreement is a lead-
ing issue on most priority lists.

Research the implications of transportation
improvements on economic productivity in other
sectors. This research recommendation was of-
fered as a way to see “the big picture.”

Breakout Group B: Key Issues
and Data Collection Needs By
Mode and Scale

Thisbreakoutgroup, chaired by Susan Binder,
Chief of the Industry and Economic Analysis
Branch in the Office of Policy Development at
FHWA, discussed the following topics: issues that
must be addressed to generate meaningful, cred-
ible transportation productivity measures; vari-
ous scales at which transportation productivity
measures are applied; and gaps in the available
data.

The group identified the following issues, listed
in priority order, that must be addressed in devel-
oping productivity measures:

The importance of identifying key questions.
The key questions that productivity measures are
designed to answer must be identified before deci-
sions canbemade on whatdata to collect. Different
segments of the industry and different disciplines
have differentissues tobe addressed and therefore
different questions to be answered. The questions
will also yield different answers depending on the
application and the users. The questions should
also be prioritized so that the most urgent data
needs are met. There is a virtuous circle in this
process because when the questions are identified,
the measures are designed with an eye to what
dataarenecessary and available. The processleads
ultimately to a multipurpose database rather than
specific measures.

The relevance of efficiency measures. Even
though efficiency measures are not necessarily
productivity measures, their relevance makes them
anissue thathas tobe tackled. Although the group
members agreed that efficiency measures give a
sense of change and of scale, they disagreed about
therelationship between efficiency and productiv-
ity. They questioned whether productivity mea-
sures are a summation of efficiency increases.

The lack of disaggregate data. Because trans-
portationindustries are multiproductindustries, a
single aggregate measure is not sufficient. De-
tailed data should be collected by mode and by
different output characteristics, such as freight
versus passenger. Detail is required, not only for
aggregation purposes but also for application pur-
poses. Aggregate data donot necessarily show the
whole picture.

The uncertainty regarding the availability of
data. Information sharing and cooperation are
needed among agencies to determine sources of
data. A thoroughinventory of available data would
be useful.

The urgency of deciding what data to collect.
These decisions require assessing cost and other
practical issues. The data to be collected depends
on the questions to be answered; the data must also
address different purposes and needs of data us-
ers. Once a consensus is reached on what data to
collect, methods of collecting the data must be
explored. The cost and practicality of different
collection methods must be compared.

The group members agreed that all five issues
involve avoiding inaccurate interpretation of the
data regarding any one industry. The group then
identified the following scales, or application lev-
els,atwhich transportation productivity measures
may be applied:

B Corporate-level
Industry-level
National
International or multinational
Regional, multi-State, or sub-State
State

Metropolitan area

Facility-based. Facilities are usually con-
trolled by an entity that has data that can be
used in assessing productivity.
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Table 8.—Data Gaps by Transportation Mode and Scale

Mode
Long Distance Transit
Railroads Railroads

Scale Air (freight) | Pipelines | Marine | Waterway | (passengerr) Bus Local Transit Truck | Intermodal
Corporate X3 X X X X X *e X X X
industry Level

‘e . X . . . X . X
National . . .o . . . * . .0
Int ‘e — ) *e — . — ? Py
Regional X 3 e . . — e
State *e . *e — . . .o *e
Metro . .o — . . *e —
Facility-

X X *e .o . . X X ‘e
based
# ¢ = Abundant Data ¢ = Partial Data [blank} = No Data — = Not Applicable

Transportation measures currently calculated
that the group identified include corporate pro-
ductivity measures as well as measures based on
the following transportation modes: air, rail, pipe-
line, coastal marine, inland waterways, long-dis-
tance transit, local transit, trucking, and intermodal.
Productivity measures could also be categorized
according to the type of services they offer (freight
or passenger), the type of capital investments, the
markets served, whether the transportation ser-
vice is provided by the public or the private sector,
and ownership. The-group then developed a ma-
trix identifying gaps in data based on transporta-
tion modes. The matrix is shown in Table 8.

Each mode has its own characteristics, as out-
lined below:

B Air. The aviation industry is far more data
intensive than other transportation indus-
tries. It matured in the information age and
has always been a regulated industry. There
is a limited number of players, but they are
large and sophisticated.

B Railroads (freight). A large amount of data
are collected on railroads, but some of the
data is not particularly useful. The data

collected is primarily for ClassI carriers, with
very little for the other classes. The facilities
collect data, but the data are not readily
available.

B Pipelines. Pipelines are highly regulated
“and data are available. Also, this industry
does not change very quickly.

B Waterways. Thisindustry involvesthemove-
ment of goods on inland waterways. It is
governed by the Jones Act and recorded by
the Corps of Engineers. They take informa-
tion on all physical characteristics, but there
is no carrier-specific information.

B Long Distance Transit. The section should
be divided into passenger rail (Amtrak) and
bus. Amtrak has data, but the data are not
available. There is not much data on buses.

M Local Transit. This mode could be divided
into components. Any local transit operation
that receives Federal funding must report
under Section 15, so eventually there should
be good data at the national level.

® Trucking. Only partial data exist for indus-
try segments and at the national level. Much
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of the data collected by facilities are not avail-
able to the public or Government. Complete
coverage and detailed data are needed for
private trucking operations performed by
otherestablishmentsnotincluded in the trans-
portation industry (such as retailers).

B Intermodal. The overall multimodal system
productivity measures are minimal at best.

Some group members questioned whether au-
tomobiles should be in the matrix. Others argued
that, although automobiles are a method of trans-
portation, they do not constitute an industry
because they are consumptive rather than
productive. Therefore, the group agreed that they
should not be in the matrix.

In preparing the matrix, the group identified
several issues for further discussion. First, they
maintained that the trucking industry sees itself as a
potential target; it is discriminated against for its use
of infrastructure and is used as a source of funding.
The mostimportantimprovementrelated to produc-
tivity measures, from the truckers’ viewpoint, would
be to improve public understanding of the role that
trucking plays in economic growth.

The group pointed out that each category of
the matrix should be researched systematically
and comprehensively. Atleast some data exist for
every category, but computing productivity accu-
rately with little or no data is impossible. The
participants recommended obtaining information
from at least one company in each modal category
so that preliminary calculations canbe done. How-
ever, they cautioned against overburdening re-
spondents with requests for too much data. The
waybill sample is a good source of data, according
to the group, because it provides a great deal of
data. The ideal way to gather data is to carefully
design disaggregate efforts that can be expanded
to a national level. Data collection should be
structured as a database rather than a sample, and
any information that may be needed for future use
should be included.

One member of the group pointed out that the
discussion has involved two categories of infor-
mation: (1) what the economists call productivity
data, which is detailed quantity and price data,
and (2) all other measures (such as performance
data) that are important to businesses. He sug-
gested that both types of information be collected
in the same report.

Another person proposed that the new Bureau
of Transportation Statistics should design a series
of 15 or 20 major sample frames with disaggregate
sampling methodology that would form a multi-
purpose database.

Breakout Group C: Merits of
Transportation Productivity
Measures and Barriers to More
Meaningful Measurement

The Group C breakout session, chaired by
Stephen Thompson, a Specialist in Transporta-
tion at the Congressional Research Service, took
adifferent tack from the other twobreakout groups.
Group members adopted a “brainstorming” for-
mat, working on anumber of ideas simultaneously.

The group began by debating the merits of
productivity measures: how useful are they as an
overall measure? Whatdo they tell evaluators and
what do they omit? Are there other, more mean-
ingful measures (e.g., private sector performance
and transportation system performance indica-
tors) that should be used to evaluate the transpor-
tation industry? Issues such as quality, safety,
reliability, environmental cost, and economic cost
probably ought to be reflected in any meaningful
measurement. Theoretically, these items could be
combined in a vector to generate a single number,
but its utility might well be limited. After several
abortive attempts, the group came to the consen-
sus that it is virtually impossible to build a matrix
or typology of measures based on their character-
istics that would be sophisticated enough to cover
the entire transportation industry.

Group members also discussed the thinking
behind productivity measures and the reasons
that such measures were developed. Data on
transportation industry productivity are used by
several groups of consumers, including those who
collect the data (collectors), those whointerpret the
data (manipulators), and those who ultimately use
the data (users). All of these groups have a public
policy orientation. On the other hand, the private
sector relies more upon performance data than
generalized productivity data.

Group members, most of whom work in the
public policy arena, expressed concern about the
validity of productivity and other types of measures
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currently being estimated. It was noted that large,
aggregate measures often fail to detect significant
details or subtle shifts in an industry. In general,
there needs to be greater interaction between the
questions being asked and the data being col-
lected. Clearly, the more comprehensive the cov-
erage and the more accurate the reporting, the
more useful the data become to policymakers.
Common sense analysis is obviously also required.
The group discussed whether “bad” dataare worse
than no data; it was decided that even “bad” data
can be useful in highlighting improvements that
need to be made.

The group also explored future directions for
data collection and analysis. It is expected that
improving technology will allow cheaper and bet-
ter data collection, as well as easier access to data
already collected. The availability of financial
resources to collect data is of some concern. Group
members noted that increased data collection may
imposereporting burdens on theindustry. Several
group members expressed a preference for using
sampling or estimation techniques, rather than
census-style techniques, for data collection. It was
suggested that cost-benefitanalysesbe undertaken
to evaluate current methods of data collection,
analysis, and reporting, including productivity
measures. Finally, it was noted that the growth of
the European Community into the largest market
in the world may have a profound impact on the
U.S. transportation industry and specifically upon
its data collection needs and capabilities.

The breakout group identified the following
research barriers that may impede meaningful
analysis of the transportation industry:

B Data currently being collected do not cover
important parts of the transportation indus-
try, including pedestrian and bicycle traffic
and private trucking.

Better data would be useful for several other
sectors of the industry, including buses and
Class II trucking.

B Proprietary concerns may impede data col-
lection; for-hire trucking firms may not want

to share their data with outside entities.

The philosophical outlook toward data col-
lection varies from time to time at the Federal
level, depending on the political party cur-
rently in power and other factors.

Fewer Federal research dollars may be avail-
able for data collection in the future, necessi-
tating more efficient data collection and
analysis.

It was suggested that DOT coordinate closely
with BLS, ICC, and the Census Bureau to avoid
duplication in data gathering and publication and to
improvedata gathering methodology. Group mem-
bers expressed concern that their deliberations
lacked input from all types of data users and thus
may have been deficient from that perspective.
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Conclusion

r I 1 his symposium provided the important
preliminary steps needed inresolving cur-
rent issues in transportation productivity

measurement by generating several points of con-

sensus among the participants. The presentations
offered many participants a broader understand-
ing of traditional productivity measures and high-
lighted potential benefits of industry performance
and efficiency measures. In particular, the presen-
tations underscored the dearth of available data
that can contribute to meaningful productivity
measurements. Participants agreed that the work
necessary to provide more meaningful measures
of transportation productivity, especially for
highway-related industries, is far from complete.

Productivity measures suited to one transpor-
tation sector may have no real application in an-
other sector, and the key issues and data needs for
each mode are unique. However, all the modes
face similar challenges to better productivity mea-
surement. Although this symposium answered
several questions, an equal number were raised
that need to be answered to effectively address all
of the issues. For example, presenters raised ques-
tions about how the restructuring of transporta-
tion industries brought about by deregulation can
be accounted forin interpretations of productivity.
Concerns also arose regarding whether and how
factors such as improved safety and reliability,
just-in-timeinventory procedures, and shorter tran-
sittime canbe incorporated into productivity mea-
surement. In the breakout groups, participants
addressed topics that are fundamental to resolv-
ing these issues: What are the objectives in mea-
suring transportation productivity, and what re-
sults are expected to be derived from the measure-
ments? How should productivity measurements
be used? How can current productivity measure-
ments be best adapted to reflect the characteristics
of service industries? The breakout discussions
emphasized identifying the most important is-
sues, the merits of productivity measurement, and
barriers to improved estimation.

Specific questions arose at the symposium
about which measures would be most valuable to
calculate:

B Productivity or productive efficiency?
B Efficiency or effectiveness?
B Productivity or performance?

B Transportation industry or firm efficiency or
efficiency for the consumer?

B Single factor or total factor productivity mea-
sures?

Opinions about which measures should be
calculated varied according to the prospective use
and user. Thus, the participants agreed that busi-
ness planners, public policy analysts, and
private-sector investors might find some measures
more useful than others. One person suggested
that performance measures for highway transpor-
tation could be improved by the collection of addi-
tional data on route-miles, the number of termi-
nals, and thenumber of empty vehicle-miles. Many
participants concurred with a cited study showing
that, to avoid underestimating productivity, qual-
ity effects must be considered. Participants also
emphasized the greater value of total factor pro-
ductivity measures, noting their usefulness, as
opposed to single factor measures.

Participants identified several issues regard-
ing data requirements for generating meaningful
transportation productivity measures. They
stressed the need for acquiring more complete and
representative data and the urgency of identifying
key questions for each group of data users. The
attendees also discussed the implementation of
modern data collection technology and the useful-
ness of sampling and estimation techniques. Al-
though the group expressed concern about the
portions of the transportation sector thathavelittle
or no data collected, they cautioned that reporting
burdens placed on private industry must be mini-
mized as agencies try to meet the demands for
disaggregate modal data.
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Several attendees also emphasized caution
when interpreting productivity measures. It is
important, for instance, to distinguish between
productivity growth of the general economy as a
result of increased investmentin transportationand
productivity growth in the transportation sector
itself. Furthermore, traditional measures of pro-
ductivity may be incomplete, especially when
the measures are used for a variety of purposes.
For some uses, the attendees suggested, it may be
best to expand upon the traditional productivity
measures and include indicators of performance.
Many people acknowledged that, to acquire
complete measurements, the objectives must first
be clarified.

Many participants agreed thatadditional input
isneeded from other members of the private trans-
portation industry, specifically from firms that
may gather and analyze their own data. They also
stressed the importance of coordination among
the various government agencies, trade associa-
tions, and private-sector firms. Nevertheless, this
symposium has opened lines of communication,
and FHW A commends the participants, presenters,
panelists, moderators, and facilitators for their
active participation. FHWA also looks forward to
a continued open exchange of ideas to achieve
improvements in the measurement of transporta-
tion productivity.
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Appendix C: Additional Tables

The following tables, presented in Session 1 of the symposium, are drawn from BEA’s input-output
accounts, which integrate data from a variety of sources to show the production of commodities (goods
and services) by industry (Table C1) and the use of commodities by industry (Table C2).
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NOTICE

The contents of this report reflect the views of the authors, who are responsible for the
facts and accuracy of the data presented herein. The contents do not necessarily reflect
the official policy of the Department of Transportation.

The United States Government does not endorse products or manufacturers. Trademarks
or manufacturers’ names appear herein only because they are considered essential to the

objective of this document.

This report does not constitute a standard, specification, or regulation.
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